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Behavioral  Sciences 


PERSON-SITUATION  INTERACTION:  DUTCH  AND 
SWEDISH  RESEARCH 

by  Richard  E.  Snow.  Dr.  Snow  is  the 
Liaison  Scientist  for  Psychology  in 
Europe  and  the  Middle  East  for  the 
Office  of  Naval  Research  's  London  Branch 
Office.  He  is  on  leave  until  September 
1985  from  Stanford  University ,  where  he 
is  Professor  Of  Education  and  Psychol¬ 
ogy  • 


Although  lip  service  has  long  been 
paid  to  the  observation  that  human  be¬ 
havior  is  a  function  of  both  person  and 
situation,  the  broad  and  fundamental 
implications  of  a  person  *  situation 
interaction  perspective  for  psychology 
have  not  been  widely  recognized  or  pur¬ 
sued.  After  various  fits  and  starts  over 
the  decades,  however,  there  is  now  a 
movement  called  "Interactional  Psychol¬ 
ogy."  Its  center  is  in  research  on  per¬ 
sonality  theory,  but  it  is  exhibited  in 
and  gathers  strands  from  several  other 
basic  and  applied  fields,  including 
physiological,  clinical,  instructional, 
developmental,  and  ecological  psychol¬ 
ogy;  industrial  and  ergonomic  psychol¬ 
ogy;  behavior  genetics;  and  also  ethol¬ 
ogy  and  cultural  anthropology.  Still, 
however,  there  are  relatively  few  pro¬ 
grammatic  efforts  aimed  at  the  basic 
issues,  and  most  of  these  proceed  out¬ 
side  the  US. 

Interactional  psychology  as  a  pro¬ 
gram  of  new  theory  and  research  took 
shape  in  the  middle  1970s.  Endler,  in 
Canada,  and  Magnusson,  in  Sweden,  joined 
forces  to  organize  a  first  international 
symposium  on  interactional  approaches  to 
the  study  of  personality,  held  in  Stock¬ 
holm  in  1975  (see  Magnusson  and  Endler, 
1977)  .  They  also  brought  together  for 
the  first  time  reprints  of  the  many 
empirical  and  theoretical  fragments 
scattered  through  the  previous  litera¬ 
ture  (see  Endler  and  Magnusson,  1976) . 
In  the  US,  Cronbach  and  Snow  (1977) 
formulated  a  program  of  interactional 
research  in  instructional  psychology, 
called  the  Aptitude-Treatment  Interac¬ 
tion  approach,  and  reviewed  the  relevant 
literature  from  prior  educational 
research.  Pervin  and  Lewis  (1978)  also 
brought  together  chapters  reflecting  a 
large  sample  of  US  and  Canadian  interac¬ 
tional  psychology.  Across  a  growing 
spectrum,  the  work  has  continued  to 
date . 


The  present  article  cannot  review 
this  whole  spectrum.  It  concentrates 
instead  on  the  present  status  of  theory 
and  research  in  two  major  European  pro¬ 
grams:  Magnusson’ s  at  the  University  of 
Stockholm,  and  Hettema's  at  Tilburg  Uni¬ 
versity,  The  Netherlands.  An  overview  of 
the  interactionist  paradigm,  some  theo¬ 
retical  detail,  and  some  empirical 
results  from  these  programs  are  given. 

The  Interactionist  Paradigm 

For  over  half  a  century  up  to  the 
1970s,  there  existed  in  psychology  a 
deep  division  between  so-called  "Trait 
Theorists"  and  "Situationists. "  The 
argument  centered  on  whether  observable 
human  behavior  was  determined  primarily 
by  factors  internal  to  the  person,  or 
whether  the  primary  factors  giving  shape 
to  behavior  resided  in  the  character  of 
the  external,  environmental  situations 
in  which  such  behavior  took  place.  Of 
course,  most  thoughtful  psychologists 
would  have  agreed  that  ultimately  both 
person  and  situation  characteristics 
would  need  to  be  understood.  But  the 
question  was  one  of  emphasis  and  re¬ 
search  strategy.  Psychological  science 
ought  to  be  built  first  of  all  on  which¬ 
ever  factors  provided  the  soundest  foun¬ 
dation;  the  other  factors  could  then  be 
taken  up  in  that  context. 

Thus,  differential  psychologists 
and  personality  theorists,  for  the  most 
part,  and  also  many  developmentalists, 
looked  for  correlations  among  human 
attributes  that  would  help  identify  and 
distinguish  the  internal  factors,  or 
traits,  that  appeared  to  be  enduring  and 
relatively  stable  predispositions  of 
persons  to  behave  in  certain  ways.  Some 
theorists  acknowledged  the  importance  of 
situations  too,  but  the  style  of  re¬ 
search  usually  employed  carried  the 
explicit  or  implicit  assumption  that 
identified  traits  could  often  be  gener¬ 
alized  across  situations.  The  situation 
specificities  were  to  be  worked  out  once 
the  basic  person  dimensions  were  estab¬ 
lished.  Experimental  psychologists,  on 
the  other  hand,  and  especially  those 
working  in  the  mainstream  of  US  behav¬ 
iorism,  manipulated  the  stimulus  situa¬ 
tions  to  influence  behavior.  Some  theo¬ 
rists  categorically  eliminated  internal 
factors  from  consideration  in  scientific 
psychology  altogether,  since  only 
external  factors  were  directly  observa¬ 
ble.  Most  simply  ignored  person  charac¬ 
teristics  in  their  research;  they 
assumed  that  external,  situation  factors 
could  be  generalized  across  persons  and 
that,  once  the  basic  behavioral  laws 
were  established,  individual  differences 
would  be  just  parameter  variations  in  a 
general  model.  The  contrast  between 
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these  two  disciplines  of  experimental 
and  correlational  psychology  was  drawn 
most  sharply  by  Cronbach  (1957,  1975), 
who  outlined  a  path  toward  unification 
through  the  study  of  person-situation 
interactions,  but  also  recognized  that 
the  task  was  extremely  complex — and  per¬ 
haps  for  the  general  purpose  of  estab¬ 
lishing  scientific  "laws"  even  impossi¬ 
bly  so. 

The  interactional  paradigm  as  it 
has  evolved  up  to  today  views  human 
behavior  as  an  aspect  of  the  continuous 
reciprocal  interaction  process  between 
situational  and  personal  factors.  In 
studying  this  process,  it  distinguishes 
sharply  between  the  lawfulness  of  mani¬ 
fest  behavior  and  the  lawfulness  of  per¬ 
ceptions,  cognitions,  motivations,  and 
emotions;  it  assumes  no  one-to-one  cor¬ 
respondence  between  these  two  levels  but 
rather  studies  both.  It  further  distin¬ 
guishes  between  general  and  differential 
effects,  that  is,  between  the  main  ef¬ 
fects  and  the  interaction  variance  ob¬ 
servable  in  a  person  *  situation  matrix. 
It  assumes  that  persons  will  be  best 
characterized  by  their  unique  patterns 
of  stable  and  changing  behavior  across 
situations  and  that  a  taxonomy  of  situa¬ 
tions  can  only  be  built  on  descriptions 
of  these  person-situation  interactions. 

Within  this  framework,  the  advance 
of  research  requires  resolution  of 
several  critical  issues.  Among  the  most 
important  of  these  are:  the  measurement 
system  adopted  to  reflect  the  function¬ 
ing  of  persons  relevant  to  situations; 
the  initial  characterization  of  types  of 
situations  to  be  studied  and  the  resolu¬ 
tion  of  the  contrast  between  situations 
as  perceived  and  situations  as  objec¬ 
tively  described;  and  the  conceptualiza¬ 
tion  of  dynamic  functions  reflecting 
change,  i.e.,  adaptation,  learning, 
development,  and  inconsistency.  Another 


issue  is  the  level  of  molar  versus 
molecular  analysis  chosen.  Still  other 
issues  concern  the  role  played  by  inten¬ 
tions,  goals,  and  action  control  (see 
ESN  38-7:349-352  [1984]). 

Some  of  these  issues  are  identified 
in  the  schematic  organization  of  Fig¬ 
ure  1.  There  is  a  person-environment 
interface  extending  along  a  time  line 
wherein  the  behavioral  level  is  observa¬ 
ble.  There  is  an  action  control  level 
connecting  a  cognitive-conative-affec¬ 
tive  level  to  this  behavioral  level. 
There  is  also  a  psychological  time  line 
(recallable  past  to  foreseeable  future) 
associated  with  the  more  abstract-sym¬ 
bolic  level.  Perception  of  the  situation 
and  of  prior  behavioral  effects  can  be 
distinguished  from  perception  of  goals 
and  consequences.  The  stimuli  (S)  are 
situational  cues  processed  at  upper 
levels  and  reflected  back  to  actions  or 
responses  (R) .  But  particular  stimuli 
and  responses  in  momentary  situations 
may  or  may  not  relate  to  the  character¬ 
istics  of  the  prevailing  situation  type 
in  which  an  observed  moment  occurs. 

The  Hettema  Program 

Hettema ' s  theory  derives  from  an 
evolutionary  view  which  emphasizes  the 
development  of  the  human  ability  to  sur¬ 
vive  outside  particular  ecological  nich¬ 
es.  This  ability  is  one  of  learning  to 
define  the  prevailing  environment,  in 
order  to  behave  adequately  in  it,  and  in 
order  to  transform  it  in  directions  that 
afford  more  adequate  behavior  of  which 
the  human  is  capable,  i.e.,  in  biologic¬ 
ally  useful  directions.  The  activities 
involved  in  this  definition  and  trans¬ 
formation  process  make  up  Hettema' s 
(1979)  central  concept  of  psychological 
adaptation.  For  present  empirical  pur¬ 
poses,  however,  Hettema  concentrates  on 
short-term  adaptation. 


Cogn i t i ve-Conat i ve-Af  f ecti ve  Level 
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Figure  1.  A  schematic  representation  of  issues  addressed  in  the  interactionist 
paradigm. 
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For  Hettema,  personality  is  an  open 
system  encompassing  both  human  organism 
and  environment.  Control  and  equilibrium 
are  the  system  goals.  Uncertainty  in  the 
environment  requires  continuous  human- 
environment  transactions  which  are  de¬ 
fined  using  situation  concepts  and 
transformation  rules.  Some  subset  of 
these  concepts  and  rules  is  available 
from  culture  to  each  individual  at  any 
given  moment.  Because  these  concepts  and 
rules  are  abstractions,  however,  and 
because  environments  are  dynamic,  indi¬ 
viduals  fail  to  analyze  and  distinguish 
environments  sufficiently,  and  thus  make 
errors  of  appraisal.  When  errors  or 
unanticipated  changes  disturb  the  indi¬ 
vidual-environment  equilibrium,  loss  of 
control  results.  The  individual  applies 
adaptive  mechanisms  to  restore  control. 
These  mechanisms  of  control  mediate  be¬ 
tween  a  cognitive-symbolic  level  and  a 
sensorimotor-operational  level  of  the 
human  system. 

A  measurement  model  then  is  derived 
as  follows.  Hettema  distinguishes  three 
basic  modes  and  three  basic  media  of 
measurement.  The  modes  are  self-report, 
psychophysiology,  and  observation;  the 
media  are  verbal,  pictorial,  and  natur¬ 
al  .  In  relation  to  the  theory,  an  analy¬ 
sis  of  measures  in  the  resulting  3x3 
table  leads  Hettema  to  choose  the 
diagonal  cells,  representing  verbal 
self-report,  psychophysiological  re¬ 
sponse  to  motion  pictures,  and  natural 
observation,  as  most  appropriate  for 
assessment  of  the  cognitive-symbolic, 
control,  and  sensorimotor-operational 
levels,  respectively  (i.e.,  the  levels 
that  in  Figure  1  are  called  "cognitive- 
conative-affective,"  "action  control," 
and  "behavioral,"  respectively). 

The  measurement  of  control  is  par¬ 
ticularly  critical.  Since  adaptive  con¬ 
trol  mechanisms  come  into  play  due  to 
the  disturbance  of  equilibrium  between 
cognitive-symbolic  and  sensorimotor- 
operational  levels,  and  since  these  are 
momentary  states,  the  medium  must  pre¬ 
sent  discrepancies  coupled  with  specific 
situation  concepts  dynamically,  and  in  a 
way  capable  of  being  correlated  with 
physiological  indices  of  these  control 
states.  Motion  picture  film  in  associa¬ 
tion  with  the  psychophysiological  mode 
of  measurement  is  the  obvious  choice. 

Furthermore,  the  adaptive,  state- 
transition  mechanisms  that  mediate 
between  cognitive  and  behavioral  levels 
to  fulfill  a  control  function  are  pre¬ 
sumed  to  be  coupled  with  specific  situa¬ 
tions  idiosyncratically .  That  is,  for 
each  individual  person  a  specific  situa¬ 
tion  is  required  to  elicit  any  one 
state-transition  mechanism.  The  action 
of  these  mechanisms  can  be  studied  in 


three  phases.  When  discrepancy  or 
disruption  first  occurs,  there  are 
phasic  arousal  mechanisms  that  cause 
specific  configurational  changes  in  the 
input  information.  Second  come  mecha¬ 
nisms  that  direct  effort  at  replacement 
of  initially  chosen  actions  with  new, 
more  adaptive  actions.  Third,  tonic 
activation  mechanisms  operate  to  main¬ 
tain  particular  goals  beyond  the  immedi¬ 
ate  situation.  These  three  phases — 
termed  arousal,  effort,  and  activation, 
for  short — are  crossed  with  cognitive- 
symbolic  and  sensorimotor-operational 
levels  to  posit  six  distinct  control- 
state  mechanisms.  These  are  called 
reflection,  uncoupling,  and  redirection 
at  the  cognitive  level,  and  exploration, 
substitution,  and  persistence  at  the 
operational  level. 

The  physiological  measures  are  de¬ 
rived  from  electrocardiogram,  skin  con¬ 
ductance,  and  forefinger-temperature 
records,  corrected  to  remove  time-order 
effects  and  person  main  effects,  since 
the  aim  is  to  study  specific  person- 
situation  interactions.  In  some  studies, 
biochemical  measures  from  blood  samples 
are  also  used. 

To  construct  prediction  models  for 
empirical  work  on  the  theory,  Hettema 
(in  preparation)  identifies  the  struc¬ 
tures  of  the  cognitive-symbolic  level  as 
individual  strategies  which  have  a  com¬ 
petence  aspect  (i.e.,  the  individual's 
knowledge  of  what  goes  on  in  a  situa¬ 
tion)  and  an  intention  aspect  (i.e., 
wishes  and  wants  that  foster  the  indi¬ 
vidual's  interests).  Strategic  predic¬ 
tions  concern  the  contents  of  behavior. 
At  the  control  level,  the  structures  are 
identified  as  tactics  of  adjustment  in 
the  course  of  behavior  to  deal  with 
unexpected  disturbances.  Tactical  pre¬ 
dictions  concern  the  forms  of  behavior, 
i.e.,  its  order  and  amount  of  variation. 
The  prediction  models  of  interest  always 
combine  strategic  and  tactical  struc¬ 
tures  to  predict  behavior  within  specif¬ 
ically  defined  situations. 

A  range  of  empirical  studies  has 
been  carried  out  within  this  framework. 
Some  develop  and  evaluate  the  person 
measures  needed  to  test  and  elaborate 
the  theory.  Others  concentrate  on  devel¬ 
oping  improved  ways  of  defining  situa¬ 
tions  in  terms  of  stimulus  cues.  Only  a 
fraction  of  the  results  are  now  availa¬ 
ble  in  unpublished  manuscript  form  (Het¬ 
tema  and  Vingerhoets,  no  date;  Hettema, 
Vingerhoets,  and  Van  Der  Molen,  no 
date) .  All  will  be  available  in  a  book 
now  being  drafted  (Hettema,  in  prepara¬ 
tion).  Closely  related  to  the  program, 
also,  is  a  dissertation  by  Van  Heck 
(1981).  See  also  Hettema  (1984)  and  Van 
Heck  (1984) . 


One  line  of  studies  has  sought  to 
validate  self-report  questionnaires 
about  what  individuals  say  they  would  do 
in  specified  situations  against  what 
they  are  observed  to  do  in  natural  simu¬ 
lated,  and  role-playing  situations.  In 
other  words,  the  relation  between  the 
cognitive-symbolic  and  behavioral  levels 
is  explored  directly.  This  is  not  a  sim¬ 
ple,  straightforward  matter  because  re¬ 
sponse  to  questionnaires  involves  moti¬ 
vational  and  volitional  processes  in 
rather  different  ways  than  does  response 
in  actual  situations.  Questionnaires  may 
reflect  what  persons  would  like  to  do, 
rather  than  what  they  would  be  most 
likely  to  do,  in  particular  situations. 

The  crux  of  the  problem  is  learning 
how  to  specify  situations  properly  in 
the  questionnaires  and  in  the  criterion 
situations,  and  this  brings  up  the  dif¬ 
ficult  decisions  involved  in  establish¬ 
ing  a  taxonomy  of  situations.  One  must 
decide  whether  to  seek  a  broad  taxonomy 
or  one  limited  to  a  particular  domain; 
whether  to  adopt  language  that  reflects 
an  abstract,  macro-level  of  generality 
or  a  concrete  micro-level;  whether  to 
emphasize  objective  situational  proper¬ 
ties  or  person-bound  qualities,  or 
structural  versus  content  properties; 
and  whether  to  seek  situation  descrip¬ 
tions  that  show  high  versus  low  consen¬ 
sus  among  subjects.  Van  Heck  (1981, 
1984)  opted  for  a  broad  sampling  of 
situations  and  aimed  at  a  level  of 
description  about  midway  between  micro- 
and  macro-levels.  For  example,  a  macro¬ 
level  descriptor  might  be  "ideological 
situations,"  a  micro-level  descriptor 
might  be  "being  at  a  save-the-whales 
sit-in";  a  middle  level  would  be  "being 
at  a  demonstration  for  a  cause."  This 
level  appears  close  to  what  Magnusson 
(1981)  called  "situation  types"  as  dis¬ 
tinct  from  "momentary  situations." 

Most  importantly.  Van  Heck  chose  to 
focus  on  situational  concepts  of  the 
intersub jective  or  consensual  type,  as 
represented  by  the  language  of  a  cul¬ 
ture.  From  intensive  study  of  the  Dutch 
language,  and  using  certain  rules  of 
exclusion,  a  final  list  of  248  situation 
concepts  was  developed.  Then,  through 
intensive  interviews,  a  list  of  558 
situation  cues  was  developed  for  speci¬ 
fic  situation  attributes.  Correspondence 
between  situation  concepts  is  thus  de¬ 
fined  as  correspondence  between  these 
situation  cues.  Through  a  series  of 
cluster  and  factor  analyses,  it  was  also 
possible  to  identify  10  meaningful 
classes  of  situations. 

The  Hettema  program  is  now  using 
this  taxonomy  in  its  specifications 
for  questionnaires,  filmed  situations, 
and  criterion  situations.  It  is  also 


developing  a  taxonomy  of  transformation¬ 
al  behavior,  based  on  the  work  of  Schank 
and  Abelson  (1977)  on  scripts,  plans, 
and  goals  in  everyday  situations.  It  is 
hoped  that  this  will  expand  the  situa¬ 
tion  specification  even  further. 

Of  central  importance  to  the  pro¬ 
ject  now  is  the  development  of  measures 
of  the  control  states  that  mediate  be¬ 
tween  self-report  and  behavioral  meas¬ 
ures.  One  study,  for  example,  looked  for 
physiological  and  biochemical  response 
patterns  specific  to  the  situations  por¬ 
trayed  by  particular  films.  The  six 
experimental  films  were  carefully  con¬ 
structed  to  elicit  different  specific 
emotional  state  reactions.  The  aim  was 
to  determine  if  patterns  of  these  vari¬ 
ables  reflect  reliable  person  x  situa¬ 
tion  interaction  effects,  as  opposed  to 
main  effects  for  person  differences  or 
situation  differences.  Results  showed 
that  all  nine  physiological  variables 
contained  substantial  person  variance-- 
indicating  marked  individual  differences 
for  these  measures  without  regard  to 
situations — but  four  variables  also  gave 
reliable  person  x  situation  interac¬ 
tions.  These  were  finger  temperature, 
galvanic  skin  response  level,  respira¬ 
tion  rate  intervals,  and  ECG  T-wave 
amplitude.  Crossed  with  eight  biochemi¬ 
cal  components  (glucose,  cortisol,  epi¬ 
nephrine,  norepinephrine,  cholesterol, 
triglycerides,  growth  hormone,  and  tes- 
tosteron) ,  the  resulting  patterns  could 
be  clustered  into  distinct  state  types. 

Different  films  clearly  elicited 
different  states,  and  the  presence  ver¬ 
sus  absence  of  particular  states  con¬ 
formed  well  with  theoretical  expecta¬ 
tions.  Thus,  it  appears  that  the  physio¬ 
logical  and  biochemical  profiles  obtain¬ 
ed  here  display  construct  validity  with 
respect  to  the  control  state  mechanisms 
posited . 

Another  study  examined  the  hypothe¬ 
sis  that  different  cognitive-ability 
tests  would  elicit  the  state  transition 
mechanisms  of  reflection,  uncoupling, 
and  redirection  in  predictable  ways; 
task  differences  in  this  respect  would 
again  appear  as  differing  patterns  of 
physiological  response,  as  represented 
by  the  four  physiological  measures  iden¬ 
tified  above.  These  patterns,  for  each 
task,  could  be  compared  with  the  hypo¬ 
thetical  pattern  expected  from  theory. 
Results  showed  that  six  of  the  eight 
tasks  studied  did  elicit  the  expected 
patterns.  One  task  failed,  and  one  task 
yielded  a  partially  correct  pattern. 
Another  analysis  examined  the  further 
hypothesis  that  the  tasks  demand  partic¬ 
ular  state  transition  mechanisms,  so 
that  adequate  task  performance  most 
likely  results  for  an  individual  when 


the  associated  physiological  response 
pattern  is  present,  as  opposed  to  some 
other  pattern.  Results  supported  predic¬ 
tions  for  two  of  the  three  state-transi¬ 
tion  patterns  studied — reflection  and 
redirection.  The  uncoupling  state  was 
not  confirmed,  so  further  research  needs 
to  check  the  appropriateness  of  task 
choice  and  the  correctness  of  the  norm 
pattern  expected  for  this  mechanism.  The 
data  in  hand  suggest  that  the  norm  pat¬ 
tern,  rather  than  the  task  choice,  is 
incorrect . 

The  Hettema  team's  progress  in 
developing  these  unique  measures  and 
relating  them  closely  to  the  theoretical 
structure  is  impressive.  It  remains  to 
be  seen,  of  course,  just  how  well  the 
theory  and  measurement  system  stand  up 
in  the  continuing  research. 

One  important  result  corresponds  to 
a  distinction  made  by  Mischel  (1973) 
between  powerful  versus  weak  situations. 
Hettema 's  data  suggest  that  situations 
differ  in  the  degree  to  which  general 
models  versus  individual  models  predict 
behavior.  Powerful  situations — i.e., 
those  in  which  persons  perceive  aspects 
of  situations  in  similar  ways  and  have 
similar  expectations  with  regard  to  the 
most  probable  and  most  appropriate  be¬ 
havior  in  them--are  those  in  which 
qeneral  predictions  without  regard  to 
individual  differences  are  most  accur¬ 
ate.  In  other  words,  the  situation  is 
the  most  powerful  factor  determining 
behavior.  However,  individual  models 
increase  in  predictive  validity  relative 
to  general  models  as  situations  become 
weaker  in  the  sense  that  persons  vary  in 
their  perceptions  and  expectations  about 
behavior  in  them.  The  situations  being 
studied  by  Hettema  help  define  this  con¬ 
tinuum  empirically. 

The  Maqnusson  Program 

In  contrast  to  Hettema 's  focus  on 
the  control- level  functions  in  short¬ 
term  adaptation  to  situations,  Magnus- 
son's  emphasis  is  on  the  cognitive-cona¬ 
tive-affective  level  and  the  behavioral 
level  in  the  development  of  the  person 
over  the  long-term  from  childhood  to 
adulthood.  Of  particular  interest  is  the 
perception  of  situations,  stress  and 
anxiety  reactions  to  this  perception, 
and  social  adjustment  patterns  in  devel¬ 
opment  that  relate  to  person-situation 
interactions  in  earlier  development. 

Magnusson  also  takes  an  open  system 
view  of  person  and  environment  but  de¬ 
tails  a  variety  of  subsystems  within 
each.  The  environment  needs  to  be  under¬ 
stood  in  terms  of  the  distinction  be¬ 
tween  actual  physical  and  social  situa¬ 
tions  and  perceived  situations  as  inter¬ 


preted  by  persons.  The  latter  is  the 
strongest  influence  for  Magnusson.  Envi¬ 
ronments  have  characteristics  such  as 
complexity,  variety,  and  specificity; 
these  relate  to  functions  that  provide 
context  for  development  and  to  the  con¬ 
cepts  of  preferred  level  of  stimulation 
versus  developmentally  optimal  level  of 
stimulation.  Environments  are  also  pat¬ 
terned  and  consistent,  allowing  predic¬ 
tion  control  and  action  control  by  the 
person  with  respect  to  perceived  goals. 
Change  in  person-environment  interaction 
is  the  key  to  development.  The  media¬ 
ting  system  in  persons  is  regarded  as 
organized  contents  with  associated  af¬ 
fective  tones  and  coping  strategies. 
Magnusson  emphasizes  emotions,  values, 
and  self-concept  here,  because  other 
theories  tend  to  think  only  of  cognitive 
mediation.  He  also  shows  that  lawful¬ 
ness  at  the  behavioral  level  and  lawful¬ 
ness  at  the  level  of  cognitive-conative- 
affective  mediation  can  be  quite  differ¬ 
ent  matters.  Concepts  and  measures  of 
consistency,  for  example,  must  be  care¬ 
fully  considered  in  relation  to  these 
two  levels.  Most  importantly,  Magnusson 
insists  that  theory  must  aim  to  under¬ 
stand  persons  and  situations  as  organi¬ 
zed  wholes,  not  just  at  person  and  situ¬ 
ation  variables  taken  one,  or  a  few,  at 
a  time. 

Regarding  the  taxonomy  problem, 
Magnusson  argues  that  situation  sampling 
is  dependent  on  the  problem  to  be  stud¬ 
ied;  there  will  be  no  general  solution. 
He  thus  pursues  a  psychology  of  situa¬ 
tions,  not  a  taxonomy  of  situations.  For 
details  on  all  this,  see  Magnusson 
(1981,  1983,  1984b,  1984d) . 

One  part  of  the  Magnusson  research 
seeks  improved  understanding  of  anxiety- 
provoking  situations.  This  work  can 
serve  as  an  example  of  how  the  program 
deals  with  the  taxonomy  problem  and  some 
of  the  measurement  problems.  Since  the 
emphasis  is  on  representative  sampling 
of  situations  as  perceived,  free-re- 
sponse  questionnaires  in  large  samples 
of  the  population  of  concern  is  one 
method  of  choice.  Subjects  are  asked  to 
describe  threatening  here-and-now  situa¬ 
tions  in  their  present  life;  a  careful 
distinction  is  made  between  first  de¬ 
scribing  what  in  a  situation  makes  them 
afraid  and  then,  second,  why  they  are 
afraid.  This  then  allows  separate  cate¬ 
gorization  of  the  activating  conditions 
and  the  expected  outcome  or  consequen¬ 
ces.  Prior  theoretical  categories  and 
content  analysis  of  these  responses  are 
used  by  raters  to  produce  a  final  taxon¬ 
omy;  interrater  agreement  is  typically 
high.  It  is  then  possible  to  break 
down  the  samples  of  respondents  to  ask 
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pixel  locations  of  the  CCD  camera  (by 
reading  the  fringe  number  at  each 
pixel) ,  the  three-dimensional  form  of 
the  object  can  be  computed. 

All  objects  are  mounted  at  an  ap¬ 
proximately  known  perpendicular  distance 
from  the  line  joining  the  perspective 
centers  of  the  camera  and  projector.  The 
absolute  value  of  the  fringe  integer,  n, 
is  determined  from  equation  (4)  for  one 
point  on  the  surface.  Errors  of  several 
percent  in  this  initial  determination  of 
n  have  little  effect  on  the  accuracy  of 
the  subsequent  fringe  analysis,  so 
precise  positioning  of  the  object  is 
unnecessary.  The  relative  fringe 
integer  (the  integer  value  of  the  fringe 
count  referred  to  an  arbitrary  zero 
fringe  on  the  contour  map)  and  the 
fringe  fraction  are  added  to,  or  sub¬ 
tracted  from,  the  absolute  fringe 
integer  to  provide  values  of  (n  +  6)  at 
each  pixel  and  thereby  allow  evaluation 
of  equations  (2),  (3),  and  (4). 

Reid  et  al.  (1984)  point  out  that 
they  have  demonstrated  the  feasibility 
of  phase-measuring  moire  topography  with 
on-line  image  analysis.  The  optical 
geometry  can  be  regarded  as  a  variant  of 
close-range  photogrammetry ,  while  the 
contour  analysis  uses  techniques  derived 
from  phase-measuring  interferometry. 

Figure  2  shows  a  set  of  Moire  con¬ 
tour  maps  of  a  fan  blade  which  were 
formed  with  projection  grating  phases  of 
0,  2 rr / 3 ,  and  4tt/3.  The  contour  interval 
is  2  mm.  The  contour  patterns  were 
detected  by  a  CCD  camera  of  244*320 
pixels,  fed  into  a  512*512*8  bit  frame- 
store  and  subsequently  fed  into  a  micro¬ 
computer.  Equation  (1)  was  evaluated  at 
each  pixel  and — using  the  previously 
known  geometric  constants  Xcp,  ac,  and 
Pp — equations  (2)  ,  (3) ,  and  (4)  were 
used  to  provide  the  three-dimensional 
surface  coordinates.  The  height  of  the 
surface  was  calculated  to  within  l/180th 
of  the  contour  interval.  Figure  3  shows 
an  isometric  view  of  the  object,  derived 
from  the  contour  patterns,  while  Fig¬ 
ure  4  shows  a  number  of  cross-sectional 
profiles  derived  from  the  same  images. 
No  manual  intervention  was  required 
between  placing  the  object  in  front  of 
the  system  and  viewing  the  graphical 
output . 

Equation  (4)  is  not  valid  unless 
certain  geometric  conditions  are  met. 
The  camera  and  projector  must  be  care¬ 
fully  aligned  to  ensure  that  the  con¬ 
tours  accurately  represent  planar  sec¬ 
tions  through  the  object.  Also,  the 
resolving  power  of  the  CCD  camera  is 
limited  by  the  number  (320*244)  of 
pixels  in  the  detector  array.  Although 
the  geometric  stability  of  the  camera 
ensures  repeatability  in  measurements  of 


'/Vi.,- 


Figure  2.  Moire  contour  maps  of  a  fan 
blade . 


Figure  3.  Isometric  view  of  fan  blade. 
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and  IN(x,y)  is  the  intensity  level  at 
pixel  (x,y)  at  image  number  N. 

Thus  the  phase  is  given  by: 

t(x,y)  =  tan_18i  (x,y) /a i  (x,y) .  (1) 

By  evaluating  equation  (1)  at  each  pixel 
location,  the  contour  pattern  is  trans¬ 
formed  into  a  phase  distribution  which 
does  not  depend  on  the  optical  proper¬ 
ties  of  the  object  and  which  unambigu¬ 
ously  describes  the  concavity  or  convex¬ 
ity  of  the  surface.  Since  phase  values 
are  available  at  every  pixel  location, 
measurements  can  be  made  over  the  entire 
surface,  not  just  at  the  fringe  centers. 

At  NEL,  equations  were  derived 
which  describe  projection  moire  topo¬ 
graphy  as  a  variant  of  close-range  pho- 
togrammetry  but  in  which  one  of  the 
photogrammetric  cameras  has  been  replac¬ 
ed  by  a  grating  projector.  This  pro¬ 
vides  a  concise  yet  readily  applicable 
analysis  of  the  method,  and  it  allows 
software  developed  for  photogrammetric 
work  to  be  modified  for  use  in  the 
analysis  of  projection  moire  fringe 
patterns . 

Referring  to  Figure  1  ,  a  coordinate 
system  (Xp,  Yp ,  Zp)  was  defined  with  its 
origin  at  the  perspective  center  of  the 
projector  and  with  the  Z  _  axis  lying 


along  the  optical  axis  of  the  projector. 
The  axes  (xp,  yp)  of  the  projected  grat¬ 
ing  are  parallel  to  (Xp,  Yp),  and  this 
grating  occupies  the  plane  Zp  =  -ap.  The 
lines  on  the  projected  grating  are 
parallel  to  yp. 

Using  an  analogous  arrangement  for 
the  camera,  equations  are  derived  that 
explicitly  express  the  three-dimensional 
coordinates  of  the  surface  of  the  object 
in  terms  of  the  geometry  of  the  projec¬ 
tion  moire  system,  the  image  plane  coor¬ 
dinates  (xc,  yc)  ,  and  the  moire  fringe 
number  (n  +  6 ) . 


Pc  (n  +  6) 

Assuming  that  the  geometry  of  the 
system  is  known  and  that  the  image  plane 
coordinates  can  be  obtained  from  the 
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Figure  1.  The  Auto-MATE  system. 
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electrode.  The  rate  and  magnitude  of  the 
charge  causes  an  alarm.  False  alarming 
is  a  major  problem  in  the  development  of 
battlefield  detectors.  For  example,  hy¬ 
drogen  cyanide--existing  in  low  concen¬ 
trations  in  exhaust  and  smoke — is  never¬ 
theless  lethal  when  released  in  suffi¬ 
ciently  high  concentration.  Chemists 
therefore  designed  a  chemical  filter — 
the  silver  filter — which  prevents  all 
but  high  concentrations  entering  the 
electrochemical  detection  cell.  This 
material  is  manufactured  in  quantity  in 
the  pilot  plant  in  the  dispersion  divi¬ 
sion.  Also,  chemists  and  physicists  at 
the  CDF  had  to  refine  the  nostril  on  the 
air  inlet  to  exclude  dust  particles 
while  allowing  the  penetration  of  fine 
aerosols  of  toxic  agents.  Demonstration 
models  of  the  detector  were  fabricated 
with  the  assistance  of  the  engineering 
section,  and  toxicological  clearance  for 
the  chemical  reagents  used  in  the  detec¬ 
tor  was  carried  out  by  the  medical 
division . 

Conclusion 

The  CDE  is  a  complex  but  efficient 
organization  with  a  multidisciplinary 
approach  to  problems  concerned  with  de¬ 
fense  against  chemical  agents  and  in¬ 
cludes  a  staff  of  highly  competent  per¬ 
sonnel.  A  large  part  of  the  scientific 
work  is  basic  research  which — in  addi¬ 
tion  to  applications  research — is  rele¬ 
vant  to  nondefense  problems. 
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UK'S  NEL  USES  DIGITAL  IMAGE  ANALYZER  TO 
MEASURE  SURFACES 

by  J.F.  Blackburn.  Dr.  Blackburn  was 
until  September  Liaison  Scientist  for 
Computer  Science  in  Europe  and  the  Mid¬ 
dle  East  for  the  Office  of  Naval  Re¬ 
search's  London  Branch  Office.  Re  is 
now  the  London  representative  of  the 
Commerce  Department  for  industrial 
assessment  in  computer  science  and  tele- 
c  ommunica tions . 


Various  methods  have  been  developed 
to  measure  surface  form  and  deformation 
using  optical  phenomena:  interfero¬ 
metric,  holographic,  or  moire  fringe. 


Also,  machines  are  currently  available 
which  link  a  full-field  measuring  system 
to  a  digital  image  analyzer.  (A  full- 
field  measuring  system  views  the  sur¬ 
face  all  at  once  rather  than  piecewise 
to  determine  the  height  and  deformation 
contours  of  the  surface.) 

The  performance  of  any  full-field 
measuring  system  depends  partially  on 
the  quality  of  the  image  which  is  pre¬ 
sented  to  the  computer.  A  major  obstacle 
to  the  widespread  use  of  this  technology 
is  the  difficulty  in  getting  high-quali¬ 
ty  fringe  patterns  from  objects  unsuited 
to  this  kind  of  measuring  machine. 

The  National  Engineering  Laboratory 
(NEL,  East  Kilbride,  Scotland)  has  de¬ 
veloped  a  method  for  measuring  three- 
dimensional  surface  forms  which  relies 
on  a  phase-measuring  version  of  projec¬ 
tion  moire  contouring,  operating  in  con¬ 
junction  with  a  digital  image  analyzer. 
Fringe  analysis  using  phase,  rather  than 
intensity,  measurement  reduces  the  sen¬ 
sitivity  of  the  method  to  variations  in 
the  optical  properties  of  the  object  and 
allows  fine  subdivision  of  the  contour 
interval.  The  use  of  a  charge  coupled 
device  (CCD)  video  camera  linked  to  a 
microcomputer  allows  direct  capture  of 
dimensional  information  from  the  object 
without  the  intermediate  photographic 
stage  used  in  alternative  contouring 
techniques. 

In  the  Auto-MATE  (Automatic  Moire 
Analysis  for  Topographic  Evaluation) 
system  a  CCD  video  camera  feeds  an  image 
into  a  framestore  (Figure  1) .  The  image, 
in  digital  form,  is  read  into  the  compu¬ 
ter  memory.  The  projection  grating,  of 
pitch  Pp,  is  moved  through  a  distance 
Pp/K  (the  phase  of  the  projection 
grating  is  moved  through  2u/k)  and  a 
second  image  is  read  into  the  computer. 
This  process  is  repeated  until  the  pro¬ 
jection  grating  has  moved  through  (k— 1 ) 
equal  steps,  and  k  images  have  been 
stored  in  the  computer  memory  so  that  k 
intensity  levels  have  been  stored  at 
each  pixel  location. 

To  find  the  phase  <f>(x,y)  of  the 
moire  fringe  pattern  at  pixel  coordi¬ 
nates  (x,y) ,  we  evaluate  the  Fourier 
series  coefficients  at  (x,y)  and  Bj(x,y) 
where , 
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Experimental  Ground,  which  occupies 
about  90  percent  of  the  11  square  miles 
of  the  CDE  lands.  Many  trials  are  car¬ 
ried  out,  and  solutions  have  to  be  found 
for  the  practical  problems  of  producing 
accurate  data  under  difficult  condi¬ 
tions.  The  studies  include  examinations 
of  the  travel  and  dispersion  of  clouds, 
assessments  of  smoke-screening  systems, 
and  examinations  of  how  protective 
clothing  and  equipment  hinder  perform¬ 
ance.  Most  trials  involve  support  from 
other  divisions  and  sections  of  the  CDE, 
particularly  where  chemical  or  physical 
analysis,  still  or  motion-picture 
photography,  and  special  instrumentation 
are  required. 

One  of  the  most  vital  components  in 
all  this  experimentation  is  meteorologi¬ 
cal  support.  This  is  provided  by  a  staff 
from  a  nearby  outstation  of  the  UK's 
Meteorological  Office  using  both  stan¬ 
dard  and  specially  designed  equipment. 
A  special  feature  of  the  range  is  the 
Porton  Battle  Run,  which  enables  troops 
to  exercise  in  a  simulated  chemical 
environment . 

Dispersion  Division 

The  objective  of  this  division  is 
to  provide  training  systems  for  exercis¬ 
es  by  service  personnel  so  that  they  can 
practice  using  their  defensive  equipment 
against  disseminated  chemical  agents. 
Two  training  systems  developed  by  this 
division  are  being  used  by  the  services. 
One  system  simulates  a  chemical  attack 
with  liquid  droplets,  while  the  other 
simulates  vapor  attack.  Various  methods 
of  disseminating  the  surrogate  agent 
have  to  be  provided  so  that  any  scale  of 
training  (from  a  dozen  men  up  to  a  full 
company  of  100)  can  be  practiced.  There 
are  also  facilities  for  small-scale 
chemical  process  work  on  materials  for 
defense  which  are  unavailable  from  com¬ 
mercial  sources. 

The  dispersion  division  also  car¬ 
ries  out  work  on  smoke  research.  This 
includes:  (1)  developing  improved  smoke 
grenades  and  generators,  and  (2) 
screening  in  the  infrared  regions  to 
provide  countermeasures  to  the  many 
electro-optic  instruments  being  devel¬ 
oped  for  use  on  the  battlefield. 

In  association  with  the  medical 
division,  the  dispersion  division  stud¬ 
ies  the  traumatic  effect  of  wounds.  They 
investigate  the  use  of  riot-control  pro¬ 
jectiles,  and  the  effects  created  by 
bullets  of  various  calibers  are  simula¬ 
ted  by  firinq  them  into  gelatine  blocks. 
The--  also  evaluate  the  combined  effects 
of  physical  and  chemical  injury  arising 
from  penetration  of  contaminated  protec¬ 
tive  clothing.  Ultra-high-speed  photog¬ 
raphy  is  one  of  the  tools  used  to  study 


these  effects.  In  addition,  the  disper¬ 
sion  division  houses  an  environmental 
test  center  where  equipment  developed 
for  the  military  is  put  through  rough 
usage  and  climatic  storage  tests  to 
assess  its  fitness  for  service  use. 

Project  Teamwork:  The  Development  of 
NAIAD 

Originated  by  the  detection  and 
analysis  division,  the  Nerve  Agent  Immo¬ 
bilized  Enzyme  Alarm  Detector  (NAIAD)  is 
an  automatic  alarm  system  which  contin¬ 
ually  monitors  the  atmosphere  on  the 
battlefield  and  gives  soldiers  an  audi¬ 
ble  and/or  visual  alarm  signaling  the 
presence  of  hazardous  concentrations  of 
nerve-agent  vapor  or  aerosol.  NAIAD 
simulates  the  effect  that  nerve  agents 
have  on  the  body  by  measuring  the  inhi¬ 
bition  of  the  hydrolytic  activity  of  the 
enzyme  cholinesterase,  the  biochemical 
compound  which  is  poisoned  by  these 
agents.  Biochemists  at  CDE  invented  a 
method  of  immobilizing  the  enzyme  by 
chemically  binding  it  to  an  inert  solid 
support  so  that  its  practical  use  became 
economically  feasible. 

To  monitor  the  activity  of  the 
enzyme,  the  researchers  use  an  organic 
ester,  butyrylcholine ,  synthesized  by 
the  organic  chemistry  section.  This 
ester  is  broken  down  by  cholinesterase 
to  form  a  hydrolysis  product,  thiocho- 
line.  This  product  is  measured  electro- 
chemically  using  a  graphite  measuring 
electrode.  Physical  scientists  studied 
the  kinetics  and  the  rates  of  reaction 
of  the  system  in  order  to  optimize  the 
concentrations  of  the  various  chemicals 
used  during  the  research  stage  of  the 
project.  When  CDE  developed  the  elec¬ 
trode,  they  had  to  select  a  type  of 
graphite  that  could  be  used  for  a  long 
time  without  undergoing  the  deteriora¬ 
tion  in  catalytic  activity  common  with 
solid  electrodes.  A  substance  called 
pyrolytic  graphite  was  adopted  because 
it  had  a  particularly  ordered  planar 
structure  allowing  high  conductivity 
along  one  axis  and  negligible  conductiv¬ 
ity  along  the  other.  The  electron  micro¬ 
scope  of  the  physical  protection  divi¬ 
sion  was  used  at  this  stage  to  examine 
the  structure  of  the  graphite.  This 
division  also  developed  charcoal  cloth, 
which  was  adopted  for  two  important 
applications:  (1)  to  improve  the  shelf 
life  of  the  enzyme  by  absorbing  organic 
vapors  from  plastics  used  to  make  the 
enzyme  holder,  and  (2)  to  filter  the 
sampled  air  when  the  detector  is  pre¬ 
pared  for  use  in  a  previously  contami¬ 
nated  environment. 

When  a  nerve  agent  is  used  in  the 
battlefield,  the  enzyme  is  inhibited, 
causing  a  change  in  the  potential  of  the 
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Another  essential  area  of  the  work 
of  the  organic  chemistry  section  is  the 
preparation  of  new  drugs  for  application 
in  the  treatment  of  toxic  chemicals. 
Synthetic  studies  are  also  carried  out 
to  complement  research  on  the  metabolism 
of  chemicals  (as  part  of  safety  evalua¬ 
tions)  in  other  divisions. 

Over  the  years,  the  scientists  have 
acquired  wide  experience  in  safe  tech¬ 
niques  for  handling  highly  toxic  materi¬ 
als.  There  are  also  facilities  for  the 
synthesis  of  compounds  on  a  laboratory 
scale  as  well  as  for  the  synthesis  of 
radioactive  compounds  for  use  in  bio¬ 
chemical  investigations. 

Physical  Protection  Division 

In  a  chemical  attack,  the  service 
personnel  must  be  protected  not  only  to 
preserve  their  health  and  life  but  also 
to  continue  their  task  in  war.  This 
division  designs  and  develops  equipment 
to  protect  personnel  from  chemicals,  no 
matter  what  form  they  take.  Respiratory 
protection  is  needed  against  toxic 
vapors,  aerosols,  and  smoke.  In  addi¬ 
tion,  body  protection  is  required 
against  liquid  agents. 

One  of  the  chief  problems  of  the 
current  protective  gear  is  the  physio¬ 
logical  stress  it  can  cause  when  high 
levels  of  activity  are  required  of  the 
wearer.  The  current  S6  respirator,  for 
example,  is  efficient  and  comfortable 
but,  as  with  all  other  respirators,  the 
stress  factor  is  accentuated  when  hard 
work  is  required.  A  new  S10  respirator, 
currently  under  development,  is  expected 
to  reduce  the  physiological  load  prob¬ 
lem,  and  modern  technology  should  lead 
to  a  less  expensive  item.  In  this  area 
of  study,  the  CDE-developed  charcoal 
cloth  has  been  incorporated  into  a 
"facelet"  recently  accepted  by  the 
British  armed  services  and  can  be  worn 
for  long  periods  without  physiological 
strain.  It  provides  a  measure  of  pro¬ 
tection  against  surprise  attacks  while 
giving  the  wearer  time  to  achieve  the 
full  protection  of  his  respirator.  This 
is  the  first  major  use  of  charcoal  cloth 
as  an  accepted  military  item.  The  great 
advantage  of  this  unique  material,  de¬ 
veloped  at  CDE  but  now  being  manufac¬ 
tured  under  license  by  two  UI.  companies, 
is  its  high  rate  of  absorption,  made 
possible  because  of  its  highly  micropor- 
ous  structure  and  the  small  dimensions 
of  the  fibers.  This  leads  to  the  possi¬ 
bility  of  respirator  canisters  having  a 
much  lower  physiological  load  than  has 
been  practicable  and  opens  up  a  large 
number  of  potential  medical  and  indus¬ 
trial  applications,  which  are  being 
explored . 


For  the  purpose  of  body  protection, 
the  nuclear,  biological,  and  chemicals 
protective  suit  is  currently  used  by 
servicemen.  The  material  of  the  suit 
prevents  penetration  of  chemical  agents 
in  liquid  or  vapor  form,  yet  allows 
water  vapor  to  pass  out.  The  material 
is  sufficiently  cheap  for  the  suit  to  be 
considered  disposable.  This  protective 
suit  has  been  so  successful  that  many 
countries  have  purchased  it. 

A  particular  problem  in  body  pro¬ 
tective  gear  is  how  to  protect  casual¬ 
ties  who  are  unable  to  wear  a  normal 
respirator  or  protective  clothing.  This 
problem  has  been  overcome  by  the  devis¬ 
ing  of  a  bag  of  protective  material — 
similar  to  the  suit — into  which  the 
casualty  can  be  placed  and  thereby  pro¬ 
tected  until  reaching  the  field  hospi¬ 
tal.  Development  of  an  improved  design 
is  being  completed. 

There  are  also  situations  in  which 
service  personnel  cannot  be  expected  to 
carry  out  their  duties  while  wearing  a 
respirator  and  protective  clothing.  For 
example,  a  surgeon  could  not  operate  on 
a  casualty  under  such  conditions,  and 
areas  of  collective  protection  have  to 
be  provided.  This  problem  has  been 
tackled  by  designing  filters  of  various 
capacities  that,  with  the  aid  of  power- 
driven  blowers,  can  filter  clean  air  as 
it  is  pumped  into  the  protected  room.  As 
well  as  developing  the  filters  them- 
se.-.ves,  the  physical  protection  division 
has  to  design  various  instruments  for 
testing  them. 

Behind  developments  of  this  type, 
there  is  a  considerable  commitment  to 
research  on  materials  and  physiology. 
This,  in  turn,  is  supported  by  a  compre¬ 
hensive  electron  microscopy  section 
within  this  division  which  also  serves 
the  needs  of  the  other  divisions  of  the 
CDE. 

Assessment,  Trials,  and  Range  Division 

Everything  developed  for  defense 
use  has  to  be  thoroughly  tried  and  test¬ 
ed,  and  there  are  extensive  grounds  for 
this  purpose  at  the  CDE.  The  assessment 
section  analyzes  and  interprets  intelli¬ 
gence  data  and  provides  the  British 
forces  with  up-to-date  assessments  of 
the  chemical  threat.  Served  by  a  compu¬ 
ter,  teams  of  scientists  and  servicemen 
work  together  on  problems  of  defense  and 
of  protective  equipment.  They  examine 
how  personnel  respond  to  operating  in  a 
chemical  environment.  The  results  are 
fed  into  the  computer  so  that  various 
tactical  studies  can  be  undertaken. 

The  range  section  of  this  division 
is  responsible  for  conducting  all 
field  trials  carried  out  on  the  CDE 
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respiratory  and  alimentary  tracts — have 
to  be  established.  For  the  most  part, 
this  has  to  be  determined  by  using  a 
sufficient  range  of  animal  species  to 
make  a  reliable  estimate  of  how  the  tox¬ 
icity  of  the  agent  might  affect  humans. 
The  animal  studies  are  supported  by 
measurements  of  the  toxicity  of  the 
agent  in  isolated  tissues  and  in  cell 
cultures . 

To  aid  in  treatment  of  chemical 
casualties,  the  mode  of  action  of  an 
agent  in  the  body  is  studied,  and  possi¬ 
ble  therapeutic  drugs  are  produced  to 
antagonize  the  effects  and  to  repair  the 
damage  caused.  To  produce  an  effective 
drug  for  the  treatment,  it  is  necessary 
to  identify — for  both  the  agent  and  the 
drug — how  rapidly  the  compound  is  ab¬ 
sorbed,  how  long  it  remains  active  in 
the  body,  and  how  it  is  eliminated.  It 
is  essential,  therefore,  to  evaluate 
fully  all  the  effects  of  the  drug.  While 
immediate  side  effects  may  be  considered 
acceptable,  extensive  research  is  re¬ 
quired  to  ensure  the  absence  of  long¬ 
term  carcinogenic  or  other  effects.  Cul¬ 
tures  treated  with  toxins  are  carefully 
quantitated  in  the  toxicology  section  of 
the  biology  division. 

An  isolated  perfused  lung  prepara¬ 
tion  has  also  been  developed  at  the  CDE 
as  a  means  of  delivering  organic  aero¬ 
sols  to  a  mammalian  lung.  It  is  used  to 
study  the  absorption  of  aerosols  with 
different  physico-chemical  characteris¬ 
tics.  The  special  apparatus  designed  by 
scientists  at  the  CDE  enables  well- 
defined  aerosols  to  be  delivered  to  the 
preparation  and  the  inhaled  and  assimi¬ 
lated  quantities  of  aerosol  are  measured 
using  a  microcomputer. 

For  nerve-agent  treatment,  the 
military  services  already  have  on  hand 
automatic  injectors  which  allow  person¬ 
nel  to  take  immediate  action  if  they 
eel  symptoms  of  nerve-agent  poisoning. 
Personnel  also  have  tablets  which  are 
taken  at  a  prescribed  rate  when  a  threat 
of  nerve-agent  attack  has  been  estab¬ 
lished.  This  combined  treatment  enables 
the  affected  individuals  to  survive  the 
absorption  of  many  times  the  lethal  dose 
of  a  nerve  agent.  Extensive  research  is 
being  carried  out  to  refine  and  improve 
the  treatment,  particularly  in  coun¬ 
tering  the  nerve  agent's  effects  so  that 
service  personnel  can  survive  the  attack 
and  carry  out  their  military  duties. 

As  with  each  of  the  CDE  divisions, 
the  biology  and  medical  divisions  sup¬ 
port  the  work  of  the  rest  of  the  CDE. 
For  example,  toxicological  studies  asso¬ 
ciated  with  new  materials  for  smoke 
screening  are  undertaken  by  these  divi¬ 
sions  . 


Defense  Microbiological  Division 

The  major  task  of  this  division  is 
to  act  as  a  watchtower  to  monitor 
advances  in  microbiological  research  as 
long  as  there  is  a  chance  that  microbio¬ 
logical  forms  of  attack  may  be  deployed 
against  British  forces;  this  monitoring 
is  an  essential  defensive  measure.  There 
is  active  research  in  all  the  major 
areas  of  study,  and  the  programs  are 
being  extended  as  facilities  are  devel¬ 
oped  for  work  with  highly  pathogenic 
organisms . 

As  well  as  studying  the  effects  of 
living  organisms  of  various  pathogenic 
intensity,  this  division  is  concerned 
with  the  chemical  products  of  these 
organisms — the  microbial  and  fungal 
toxins — that  are  toxic  to  humans.  The 
development  of  methods  of  producing 
mycotoxins  such  as  T2  toxin  has  provided 
the  basis  for  the  evaluation  of  such 
toxins  in  the  biology  and  medical  divi¬ 
sions.  There  is  also  an  immunology  sec¬ 
tion  within  the  microbiology  division 
where  methods  are  being  developed  using 
labeled  antibiotics  for  the  rapid  iden¬ 
tification  of  microorganisms  which  might 
be  used  in  a  biological  attack.  Facili¬ 
ties  are  also  present  to  enable  scien¬ 
tists  in  the  virology  section  to  handle 
toxic  viruses  in  a  safe  environment. 

In  1942,  the  first  practical  demon¬ 
stration  of  the  likely  nature  of  large- 
scale  biological  warfare  was  made  using 
anthrax  spores  on  Gruinard  Island  off 
the  northern  coast  of  Scotland.  Parts  of 
the  island  are  still  contaminated  with 
anthrax.  The  density  and  extent  of  this 
pollution  and  the  feasibility  of  decon¬ 
taminating  the  island  are  still  being 
studied. 

Organic  Chemistry  Section 

This  section  has  a  continuous  pro¬ 
gram  of  research  to  establish  up-to-date 
knowledge  of  the  type  of  chemical  agent 
which  could  be  used  against  British 
forces — and  which  types  can  be  prepared 
in  quantity.  Biochemical  reaction  mecha¬ 
nisms  are  studied  for  clues  leading  to 
new  chemicals  that  might  pose  a  threat. 
New  biochemical  techniques  and  novel 
synthetic  methods  are  kept  under  consid¬ 
eration  in  case  previously  inaccessible, 
toxic,  complex  chemicals  should  become 
easily  accessible.  As  with  the  microbio¬ 
logical  defense  division,  the  organic 
chemistry  section  is  a  monitoring  group. 
An  example  of  this  is  the  section’s 
handling  of  reports  of  the  use  of  tri- 
chothecane  mycotoxins  in  Southeast  Asia. 
Scientists  in  this  section  have  prepared 
mycotoxins  as  analytical  standards  and 
are  studying  various  aspects  of  their 
synthesis  and  chemical  reactivity. 
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research  efforts.  The  main  divisions 
are:  (1)  detection  and  analysis;  (2) 
physical  protection;  (3)  biology;  (4) 
medicine;  (5)  defense  microbiology;  (6) 
dispersion;  and  (7)  assessment,  trials, 
and  range.  The  organic  chemistry  section 
is  an  important  subdivision  that  serves 
all  these  divisions  with  a  specific  re¬ 
search  program.  Furthermore,  staff  mem¬ 
bers  in  the  following  areas  support  the 
research  divisions:  (1)  engineering,  (2) 
instruments,  (3)  photography,  (4)  tech¬ 
nical  information,  (5)  animal  breeding, 
and  (6)  administration.  The  rest  of  this 
article  illustrates  how  the  various 
scientific  and  technical  teams  are  used. 

Detection  and  Analysis  Division 

The  work  of  this  division  includes: 
(1)  determining  the  nature  of  an  initial 
chemical  attack;  (2)  ascertaining  how 
the  attack  is  made;  (3)  determining  the 
method  of  detection;  and  (4)  analyzing 
the  type  of  agent  used.  For  the  service¬ 
man  under  a  threat  of  chemical  attack, 
the  first  requirement  is  to  be  able  to 
detect  such  an  attack.  In  many  cases,  a 
chemical  attack  can  be  made  covertly, 
and  its  first  sign  may  be  the  reactions 
of  those  affected  by  this  particular 
type  of  environmental  pollution.  The 
very  high  toxicity  of  chemicals  such  as 
nerve  agents  and  the  spread  of  action  of 
these  chemicals  mean  that  highly  sensi¬ 
tive  monitoring  equipment  is  needed.  The 
equipment  has  to  be  extremely  rapid  in 
initial  response  and  specific  to  toxic 
agents.  It  must  be  capable  of  identify¬ 
ing  a  specific  toxic  agent  or  the  class 
of  toxic  agent  in  a  completely  reliable 
manner  without  giving  false  alarms 
created  by  smoke,  vehicle  exhaust,  or 
other  battlefield  contaminants.  Chemi¬ 
cal  agents  may  also  occur  in  liquid  form 
as  droplets,  and  detectors  are  needed 
for  detecting  this  type  of  attack  and 
for  differentiating  the  agents  from 
rain.  In  addition,  methods  are  required 
for  ensuring  that  water  supplies  are 
free  from  chemical  contamination. 

Because  of  the  complexity  of  the 
problems  of  detecting  not  only  chemical 
agents  but  also  the  products  they  form 
after  degradation  has  occurred,  CDE  has 
developed  sophisticated  detection  equip¬ 
ment  supported  by  a  comprehensive  analy¬ 
tical  service  using  gas/liquid  chromato¬ 
graphy  and  infrared  and  mass  spectro¬ 
scopy.  Nuclear  magnetic  resonance  and 
atomic  absorption  spectroscopy  are  also 
involved.  The  analytical  service  has 
also  built  up  a  library  of  spectroscopic 
data  . 

Another  important  goal  of  this 
division's  work  is  to  control  the  con¬ 
tamination  of  equipment,  personnel, 
vehicles,  and  terrain.  The  division 


studies  typical  reactions  between  the 
chemical  agents  and  possible  decontami¬ 
nants  as  well  as  establishing  the  possi¬ 
ble  damaging  effects  of  the  decontami¬ 
nants  themselves  on  equipment.  The  divi¬ 
sion  also  provides  a  comprehensive 
analytical  service  to  the  other  divi¬ 
sions  of  CDE.  For  example,  assistance 
might  be  given  to  the  biology  division 
on  the  identification  of  the  structures 
of  a  metabolic  product  of  a  drug,  or 
analysts  may  be  sent  out  on  a  field 
trial  to  sample  and  analyze  the  consti¬ 
tuents  of  a  smoke  screen  used  in  experi¬ 
mentation  . 

The  comprehensive  nature  of  the 
detection  and  analysis  division  and  the 
facilities  it  makes  available  are  highly 
relevant  to  the  general  problems  of 
environmental  pollution.  A  major  contri¬ 
bution  in  this  respect  has  been  the 
development  of  the  CDE  Passive  Diffusion 
Samples.  This  is  a  badge  containing  a 
piece  of  charcoal  cloth  (a  material  de¬ 
veloped  at  the  CDE  that  has  many  appli¬ 
cations  in  environmental  pollution  con¬ 
trol)  covered  by  a  membrane  to  control 
the  diffusion  rate.  The  badge  is  worn 
for  a  period  (usually  8  hours)  and  sent 
to  the  laboratory  for  analysis.  The 
result  provides  an  accurate  record  of 
the  average  concentration  of  chemical 
vapor  to  which  the  wearer  has  been  ex¬ 
posed.  It  is  of  particular  value  in 
industries  where  operators  may  work  in 
an  atmosphere  containing  solvent  vapors. 
Another  application  is  in  hospital  oper¬ 
ating  rooms,  where  the  staff  is  contin¬ 
uously  exposed  to  anesthetic  vapors. 

Another  simple,  effective  device 
which  can  be  used  as  a  test  for  pollu¬ 
tion  has  been  developed  by  the  detection 
and  analysis  division.  It  consists  of  a 
narrow  glass  tube  containing  a  bed  of 
polymeric  absorbent.  Air  is  drawn 
through  the  tube  at  a  known  rate,  and 
any  contamination  is  retained  on  the 
bed,  which  after  elution  by  a  suitable 
solvent  can  be  determined  by  a  gas  chro¬ 
matographic  technique.  It  has  been  shown 
that  samples  obtained  with  the  glass/ab¬ 
sorbent  device  can  be  retained  for  up  to 
2  to  3  weeks  without  any  loss  due  to 
degradation  as  shown  by  gas  chromato¬ 
graphic  analyses. 

Biology  and  Medical  Divisions 

No  matter  how  effective  the  equip¬ 
ment  used  for  protection  may  be,  there 
are  bound  to  be  personnel  affected  by 
chemical  agents.  The  work  of  the  biol¬ 
ogy  and  medical  division  is  to  find  out 
how  agents  attack  the  body  and  to  pro¬ 
vide  methods  of  treatment,  including 
both  prophylaxis  and  therapy.  First, 
the  toxicities  of  the  agent  through  the 
skin  and  eyes--as  well  as  through  the 
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future  supplies  rather  than  to  act  as  a 
distribution  agency  as  long  as  alterna¬ 
tive  sources  remain  available. 

Distribution  and  Cataloguing  Serv¬ 
ices  .  Cells  obtained  from  individual 
depositors,  or  under  contractual  agree¬ 
ment,  can  be  distributed  from  this  cen¬ 
tral  facility,  thus  relieving  scientists 
of  the  burden  of  using  their  time  and 
resources  to  maintain  seed  stocks  and 
dispatch  cells.  The  NCACC  will  accumu¬ 
late  data  obtained  within  its  own  labo¬ 
ratories,  and  from  users,  on  all  lines 
held.  The  NCACC  could  also  act  on  be¬ 
half  of  users  as  a  central  liaison 
authority  with  other  international  cell 
banks . 

Other  Services.  The  NCACC  offers 
the  following:  (1)  the  freeze-preserva¬ 
tion  of  cells,  either  by  routine  tech¬ 
niques  or  by  determining  the  optimal 
conditions  for  maximum  viability,  to¬ 
gether  with  the  retention  of  unique 
characteristics  or  functions;  (2)  an 
identification  service,  including  karyo¬ 
type  analysis  and  isoenzyme  analysis; 

(3)  sterility  testing  for  mycoplasmas, 
bacteria,  fungi,  and  selected  viruses; 

(4)  functional  testing  for  virus  suscep¬ 
tibility,  product  expression,  antibody 
studies,  etc. 

Research.  Research  topics  in  the 
general  area  of  genome  preservation, 
stability,  product  expression  and  iden¬ 
tification,  and  quality  control  will  be 
pursued.  This  will  provide  an  opportun¬ 
ity  for  funding  by  research  councils  and 
for  contract  research. 

The  NCACC  is  housed  in  a  purpose- 
built  suite  of  laboratories  adjacent  to 
the  main  building  of  the  PHLS  Center  for 
Applied  Microbiology  and  Research.  There 
are  specialist  laboratories  for  tissue 
culture,  microbiology,  and  biochemistry. 
Doyle,  the  curator,  is  responsible  to 
the  director  of  the  Vaccine  Research  and 
Production  Laboratory  for  the  day-to-day 
management  of  the  NCACC.  An  advisory 
committee  representing  users  and  funding 
bodies  will  provide  an  additional  safe¬ 
guard  of  the  commercial  integrity  and 
independence  of  the  culture  collection 
as  well  as  advising  on  scientific 
policy.  There  will  be  close  liaison  with 
other  national  and  international  culture 
collections . 

A  nondifferential  charging  system 
has  been  introduced  and  will  be  levied 
on  all  services,  except  for  the  deposit 
of  a  cell  line  which  has  no  restrictions 
on  its  distribution;  such  deposits  will 
be  free  of  charge. 

The  NCACC  facilities  are  excellent 
and  contain  the  latest  cell-handling 
equipment  as  well  as  an  excellent  sup¬ 
port  staff.  All  information  on  the 
animal  cell  cultures  is  computerized  for 


easy  access.  This  facility  serves  a  very 
important  function  and  has  been  needed 
for  some  time.  The  British  government  is 
to  be  commended  for  support  in  building 
and  organizing  facilities  which  will  be 
of  great  help  to  European  scientists. 
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UK  LAB  PROVIDES  DEFENSES  AGAINST  CHEMI¬ 
CAL  AND  BIOLOGICAL  WARFARE 

by  Claire  E.  Zomzely-Neurath  and  Thomas 
C .  Rozzell. 


The  Chemical  Defence  Establishment 
(CDE)  is  the  UK's  center  for  research 
and  development  on  defense  against  chem¬ 
icals  that  may  be  used  in  war.  Added  to 
this  important  role  is  the  responsibil¬ 
ity  for  biological  defense  research, 
since  the  work  of  the  former  Microbiol¬ 
ogical  Research  Establishment  has  been 
transferred  to  CDE. 

The  prime  aim  of  the  CDE  is  to  de¬ 
velop  protective  equipment  and  clothing 
for  British  service  members  who  may  be 
subjected  to  the  hazards  of  chemicals  or 
biological  materials  deliberately  un¬ 
leashed  to  pollute  the  environment  in 
war.  While  CDE's  work  is  entirely  for 
defense  purposes,  the  research  and  de¬ 
velopment  also  helps  scientists  increase 
their  knowledge  and  experience  for  many 
other  purposes.  An  important  by-product 
of  60  years'  work  in  this  field,  conduc¬ 
ted  intensively  on  a  laboratory  scale, 
is  the  knowledge  of  methods  of  counter¬ 
ing  any  accidental  environmental  pollu¬ 
tion  that  may  occur.  There  are  also 
numerous  types  of  protective  equipment, 
developed  initially  for  servicemen  at 
war,  that  have  equally  applicable  peace¬ 
time  uses  in  potentially  hazardous  envi¬ 
ronments  such  as  mines  and  hospitals. 

These  achievements  were  made  possi¬ 
ble  by  a  high  standard  of  research  by 
scientists  specializing  in  the  various 
fields  of  physics,  chemistry,  and  biol¬ 
ogy.  Scientists  conduct  research  at 
CDE--which  is  at  Porton  Down,  6  miles 
northeast  of  Salisbury — and  also  make 
use  of  the  extensive  adjoining  lands  for 
trials  and  assessments. 

Because  of  the  very  diverse  nature 
of  the  studies  carried  out  at  CDE,  there 
are  several  divisions,  each  responsible 
for  a  specific  area  of  the  research 
workload  and  each  supporting  the  shared 
interest  of  the  others.  Teamwork  of 
this  sort  is  essential  for  maximum 
efficiency  and  effectiveness  of  the 
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was  carried  out  by  a  military  laboratory 
for  a  civilian  agency.  It  is  also  the 
first  time,  to  my  knowledge,  that  an 
attempt  has  been  made  to  develop  a  com¬ 
puter  program  that  can  predict  PFD 
around  an  RF  radiator  used  in  industrial 
and  medical  environments.  Surveys  have 
been  made  on  board  ships  and  around  com¬ 
mercial  broadcasting  antennas  by  various 
groups  in  the  US  and  other  countries.  An 
approach  like  that  used  by  the  TNO  group 
might  have  application  to  the  problem  of 
predicting  levels  of  exposure  to  US  Navy 
personnel  on  the  decks  of  ships,  partic¬ 
ularly  in  the  multifrequency  environ¬ 
ment,  where  it  is  often  difficult  to 
integrate  the  PFD  due  to  transmitters 
operating  at  several  different  frequen- 
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UK  ESTABLISHES  NATIONAL  COLLECTION  OF 
ANIMAL  CELL  CULTURES 

by  Claire  F. .  Zomzely-Neurath  and  Thomas 
C.  Rozzell.  Dr.  Zomzely-Neurath  is  the 
Liaison  Scientist  for  Biochemistry , 
Neurosciences ,  and  Molecular  Biology  in 
Europe  and  the  Middle  East  for  the 
Office  of  Naval  Research  ' s  London  Branch 
Office.  She  is  on  leave  until  July  1986 
from  her  position  as  Director  of  Re¬ 
search,  the  Queen’s  Medical  Center, 
Honolulu,  Hawaii,  and  Professor  of  Bio¬ 
chemistry,  University  of  Hawaii  School 
of  Medicine.  Dr.  Rozzell  is  the  Liaison 
Scientist  for  Biological  Sciences  in 
Europe  and  the  Middle  East  for  the 
Office  of  Naval  Research  's  London  Branch 
Office.  He  is  on  reassignment  until 
August  1985  from  the  Office  of  Naval 
Research ,  Arlington ,  Virginia ,  where  he 
is  Program  Manager  for  Cellular  Biosys¬ 
tems  . 


To  meet  Europe's  need  for  an  inter¬ 
nationally  recognized  patent  depository 
for  animal  cells,  the  UK  has  established 
the  National  Collection  of  Animal  Cell 
Cultures  (NCACC) .  Dr.  Alan  Doyle  is  the 
Head  or  Curator  of  the  NCACC.  (A  prelim¬ 
inary  report  about  this  facility  was 
issued  as  ONR,  London,  Science  Newsbrief 
2-4-84,  last  July.) 

The  first  such  facility  for  animal 
cell  cultures  in  Europe,  the  NCACC  is  in 
Porton  Down,  Salisbury,  Wiltshire.  It 
was  opened  in  July  1984  under  the  aus¬ 
pices  of  the  Public  Health  Laboratory 
Service  (PHLS)  ,  as  part  of  the  Depart¬ 
ment  of  Trade  and  Industry's  program  to 
support  biotechnology  in  the  UK.  Previ¬ 


ously,  there  had  been  a  gap  in  Europe  in 
the  worldwide  network  of  national  cul¬ 
ture  collections--a  gap  which  had  become 
more  apparent  as  a  result  of  increasing 
emphasis  placed  on  the  use  of  animal 
cells  in  biotechnology. 

In  the  past,  scientists  in  the  UK 
and  on  the  Continent  had  to  obtain 
animal  cell  cultures  from  the  American 
Type  Culture  Collection  in  the  US.  This 
was  expensive  primarily  because  of  the 
high  cost  of  the  specialized  shipment 
required  for  transporting  animal  cell 
cultures . 

The  NCACC  is  envisaged  as  a  service 
facility  to  commercial  and  research 
organizations  throughout  Europe,  and 
therefore  its  development  will  depend 
upon  the  requirements  of  its  users.  Some 
of  the  services  currently  offered  by  the 
NCACC  are  discussed  below. 

Patent  Cell  Depository.  The  NCACC 
is  registered  as  an  International  Depos¬ 
itory  Authority  under  the  terms  and  con¬ 
ditions  of  the  Budapest  Treaty,  as 
administered  by  the  World  Intellectual 
Property  Organization.  In  this  capaci¬ 
ty,  it  serves  as  an  archival  holder  of 
certified  cell  lines  in  support  of 
patent  applications. 

Safe  Deposit  Facilities.  Individu¬ 
al  scientists  and  commercial  organiza¬ 
tions  who  wish  to  safeguard  valuable 
cell  stocks  can  deposit  ampoules  for  a 
rental  fee.  Commercial  organizations 
that  use  or  supply  cell  cultures  can  use 
the  facility  to  have  their  seed  stocks 
expanded  under  certified  conditions,  in 
addition  to  using  the  safe  deposit 
facilities . 

Specialist  Collections.  Various 
collectors  within  I  particular  field, 
research  councils,  and  some  internation¬ 
al  organizations  may  require  a  central 
bank  of  specialized  cell  types  for  stan¬ 
dardization  purposes — e.g.,  biopsy  cell 
lines  with  genetic  or  immunological 
markers,  human  homozygous  typing  cells, 
or  cell  lines  derived  from  families  for 
disease  marker  studies.  Such  lines  could 
be  available  for  open  distribution  or 
only  within  a  recognized  group  of  depos¬ 
itors  . 

National  Collection.  All  scien¬ 
tists  will  be  actively  encouraged  to 
deposit  well-studied  cell  lines  for 
accession  to  a  National  Cell  Culture 
Collection  in  which  cells,  after  charac¬ 
terization,  will  be  available  to  all 
applicants. 

National  Reserve  Collection.  The 
policy  Is  to  maintain  examples  of  all 
the  internationally  recognized  and  well- 
characterized  cell  lines  as  a  guaranteed 
safeguard  against  possible  imposition  of 
import/export  restrictions  in  the 
future.  The  aim  is  solely  to  guarantee 
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existed  in  the  environment  around  sever¬ 
al  types  of  equipment.  These  measure¬ 
ments  were  done  in  industries  using  RF 
energy  for  such  tasks  as  sealing  plas¬ 
tics,  and  in  medical  situations  for 
which  diathermy  is  used.  This  was  the 
beginning  of  data  collection  to  verify 
the  computer  model.  Three  different 
types  of  sealing  machines  were  measured 
at  two  different  plants.  Field  intensi¬ 
ties  were  measured  in  the  vicinity  of 
the  operator  positioned  in  the  normal 
operating  position. 

Figure  1  shows  the  results  obtained 
for  all  of  the  sealing  machines  meas¬ 
ured.  It  is  interesting  to  note  that 
approximately  14  percent  of  all  values 
are  higher  than  10  mW/cm2,  and  roughly 
56  percent  are  higher  than  1  mW/cm2. 
Some  types  of  machines  are  worse  than 
others,  with  the  turntable  machine 
giving,  for  example,  78  percent  of  the 
measurements  in  its  vicinity  above 
1  mW/cm2.  (All  vaules  were  corrected 
for  duty  cycle,  i.e.,  the  sum  of  the 
time  period  when  the  power  is  "on"  and 
"off.")  When  the  extreme  exposure 
levels  were  examined,  it  was  found  that 
this  was  about  the  same  for  all  three 
types  of  machines  (around  30  mW/cm2) , 
but  the  part  of  the  body  exposed  at  the 
maximum  level  was  different.  In  the 
case  of  the  "sewing"  type,  the  knees 
received  the  maximum,  while  it  was  the 
head  for  the  "shuttle  tray"  machines  and 
the  waist  for  the  "turntable"  type 
(Figure  2)  . 

Although  the  sample  size  was  too 
small  to  draw  conclusions  concerning  all 
types  of  sealers,  the  project  team  did 
draw  some  general  conclusions: 

•  The  exposure  levels  are  fairly  high. 

•  Peak  levels  are  two  to  10  times 
higher  depending  on  the  duty  cycle; 
the  maximum  peak  level  found  was 
300  mW/cm2. 

•  Levels  can  be  reduced  by  shielding;  a 
shielding  effectiveness  of  more  than 
20  dB  was  measured. 

Measurements  of  medical  diathermy 
units  were  carried  out  in  two  parts. 
First,  measurements  were  made  of  some 
units  in  the  laboratory  using  a  probe 
mounted  on  a  mechanical  positioner  that 
could  be  moved  in  all  three  directions 
in  front  of  the  diathermy  unit.  A  series 
of  scans  was  thus  made  in  the  X-Z  plane 
at  different  distances  Y  from  the  appli¬ 
cator.  From  these  scans  it  was  possible 
to  get  an  impression  of  the  spatial  dis¬ 
tribution  of  the  PFD  around  the  diather¬ 
my  applicator.  This  is,  of  course, 
without  benefit  of  a  patient  in  place. 

To  obtain  a  reasonable  picture  of 
the  RF  levels  to  which  operators  of  dia¬ 
thermy  machines  might  be  exposed,  the 


team  went  to  four  different  training 
centers  where  physiotherapists  were 
trained  in  the  use  of  the  devices.  Dur¬ 
ing  treatment  sessions  the  team  measured 
the  PFD  at  a  number  of  positions  close 
to  the  units  and  close  to  the  patients. 
Normally,  the  power  setting  used  was  one 
that  produced  a  slight  sensation  of  heat 
in  the  patient. 

Although  the  PFD  levels  were  at  the 
position  of  the  treated  body  parts,  it 
was  found  that  all  values  in  positions 
where  the  operator  might  be — or  at 
untreated  parts  of  the  patient's  body — 
were  generally  less  than  10  mW/cm2. 

Concluding  Remarks 

This  type  of  survey  and  computer 
modeling  project  is  unique  in  that  it 
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Biological  Sciences 


DUTCH  MILITARY  LAB  SURVEYS  RF-GENERATING 
EQUIPMENT 

by  Thomas  C.  Rozzell.  Dr.  Rozzell  is 
the  Liaison  Scientist  for  Biological 
Sciences  in  Europe  and  the  Middle  East 
for  the  Office  of  Naval  Research  's 
London  Branch  Office.  He  is  on  reassign¬ 
ment  until  August  1985  from  the  Office 
of  Naval  Research ,  Arlington,  Virginia, 
where  he  is  Program  Manager  for  Cellular 
Biosystems . 


The  Laboratory  of  Electronic  Devel¬ 
opments  for  the  Armed  Forces  in  The 
Netherlands  recently  conducted  a  survey 
of  radio-frequency  (RF)  generating 
equipment  in  the  country.  The  survey  was 
commissioned  by  the  Ministry  of  Health 
and  Environmental  Hygiene  and  included 
most  of  the  civil  RF  sources  in  the  fre¬ 
quency  band  from  0.5  MHz  to  18  GHz.  In 
addition  to  doing  an  inventory  of  the 
range  of  transmitters,  the  project  had 
as  its  objective  the  development  of  a 
computer  model  that  will  be  capable  of 
predicting  the  RF  environment  from  a 
knowledge  of  certain  of  the  parameters 
of  the  transmitter. 

In  a  recent  visit  to  the  laborato¬ 
ry,  an  institute  of  The  Netherlands 
Organization  for  Applied  Scientific  Re¬ 
search  (TNO)  ,  I  learned  that  this  pro¬ 
ject  was  carried  out  by  a  military 
institute  for  a  civilian  agency  because 
no  agency  within  the  civilian  part  of 
the  government  has  the  expertise  needed 
for  such  a  survey.  It  was  interesting 
that  no  consideration  was  given  to  mili¬ 
tary  sources  of  RF  energy.  There  is  no 
legal  standard  in  The  Netherlands  for 
human  exposure  to  electromagnetic 
energy,  although  the  American  National 
Standards  Institute  standard  is  highly 
regarded  and  generally  followed  by  any¬ 
one  wishing  to  use  some  sort  of  guide¬ 
line.  The  military,  however,  seems  a 
bit  isolated  from  such  considerations, 
and  apparently  no  guidelines  are  actual¬ 
ly  followed  by  military  operators — 
except  for  keeping  exposures  as  low  as 
possible.  This  probably  works  quite 
well  given  the  size  and  complexity  of 
the  military  force  in  The  Netherlands. 

Approach  to  Study 

The  project  team  did  not  set  out  to 
survey  every  installation  that  had  RF- 
generating  equipment  as  this  would  have 
been  impossible  in  the  time  allotted. 


Instead,  a  representative  sampling  was 
made  and,  using  literature  sources  about 
industries,  the  team  was  able  to  extra¬ 
polate  data  for  the  whole  of  The  Nether¬ 
lands.  Several  classes  of  generators 
were  evaluated  in  the  laboratory  as  well 
as  being  measured  on  location  and  in 
actual  use.  Three  types  of  medical  dia¬ 
thermy  equipment  were  studied:  shortwave 
(27.12  MHz),  UHF  (433.92  MHz),  and 
microwave  (2450  MHz) .  RF  heaters  and 
sealers — such  as  those  used  for  sealing 
plastic  materials,  gluing  wood,  and  dry¬ 
ing  potato  chips — were  evaluated  at  in- 
plant  locations. 

The  computer  program  developed 
under  the  project  was  designed  so  that 
it  will  roughly  predict  the  RF-environ- 
ment  around  different  types  of  emitters 
using  the  transmitter  parameters.  The 
first  task  was  to  decide  which  parame¬ 
ters  should  be  sought.  The  ones  chosen 
are  listed  in  Table  1  (page  80)  .  These 
parameters  were  considered  easy  to  ob¬ 
tain  from  operators  of  the  equipment  and 
from  public  records.  However,  it  was 
realized  that  in  some  cases,  these 
parameters  might  not  be  very  accurate. 
It  was  often  difficult  to  obtain  the 
needed  information  from  public  documents 
or  from  owners  and  operators  of  trans¬ 
mitting  devices.  In  some  cases  it  was 
necessary  to  seek  the  information  from 
the  manufacturer  or  to  estimate  it.  This 
task  was  more  labor  intensive  than  was 
originally  thought,  and  to  date,  param¬ 
eters  have  been  fully  obtained  for  only 
150  sources  of  RF  energy. 

Different  approaches  are  used  to 
calculate  the  power  flux  density  (PFD) , 
depending  on  the  completeness  of  the 
input  data.  For  instance,  if  the  illumi¬ 
nation  of  an  aperture  antenna  is  un¬ 
known,  the  program  uses  other  parameters 
to  estimate  the  illumination  (such  as 
the  dimensions  of  the  aperture  and  the 
beamwidth) .  In  addition,  the  program  can 
manipulate  data,  such  as  updating  the 
data  bank  and  ranking  the  transmitters. 
Finally,  it  can  plot  different  graphical 
presentations  such  as: 

•  PFD  as  a  function  of  distance  of  one 
transmitter. 

•  Maximum  PFD  as  a  function  of  frequen¬ 
cy  of  a  selected  subset  of  transmit¬ 
ters. 

•  Geographical  view  of  transmitter 
locations . 

•  Some  form  of  statistical  information, 
such  as  the  number  of  transmitters 
and  the  distances  at  which  their  PFDs 
exceed  a  definite  value. 

Study  Results 

A  crucial  part  of  the  survey  was 
the  measurement  of  actual  fields  that 
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level  could  each  be  related  to  adrenalin 
excretion  at  age  13,  and  criminality  at 
adulthood.  The  results  suggested  that  it 
is  motor  activity  at  age  13  not  aggres¬ 
siveness  that  is  most  predictive  of 
criminality.  The  data  on  adrenalin 
excretion  correspond;  a  pattern  of  high 
motor  activity  and  low  adrenalin  excre¬ 
tion,  not  aggressiveness  per  se ,  appears 
to  be  associated  with  later  criminality. 

Summary 

The  Magnusson  and  Hettema  programs 
are  quite  different,  and  the  differences 
are  magnified  in.  Table  1,  which  attempts 


to  contrast  them  on  key  points.  Yet  they 
are  also  similar  to  one  another,  and 
different  from  American  efforts,  in 
several  ways.  Both  emphasize  the  syste¬ 
matic  analyses  of  the  dynamic  interac¬ 
tion  of  person  and  environment,  at 
several  levels  of  measurement.  Both 
examine  person  change  in  relation  to 
environmental  conditions  and  environ¬ 
mental  change  in  relation  to  person 
action.  And  both  remind  us  that  f  '  tua- 
^.ional  sampling  is  crucial.  US  cognitive 
psychology  attends  to  none  of  these 
points,  even  though  US  personality  and 
social  psychology  does,  increasingly. 


Table  1 

A  Contrast  of  the  Hettema  and  Magnusson  Programs 
Hettema  Magnusson 


Time  span 
within  person 

Short-term  adaptation 
Contemporaneous 

Long-term  adaptation 
Developmental 

Level  focus 

Action  control  level 

Cognitive-conative- 
affective  level 
Behavioral  level 

Person  focus 

Person  variables 

Persons  as  wholes 

Situation  focus 

Situations  as  objectively 
or  consensually  defined 

Situations  as  perceived 

Concern  for 

representativeness 
of  person  sampling 

Substantial 

Substantial 

Concern  for 

representativeness 
of  situation  sampling 

Moderate 

Substantial 

Measurement  emphasis 

Physiological  and 
biochemical  related 
to  control 

Cognitive-conative- 
affective  related 
to  behavioral  and 
Biochemical 

Macro-micro 

distinction 

Micro 

Macro 

Taxonomy 

General 

Local  to 
problem  studied 

Concern 
for  goals, 
intentions,  etc. 


Moderate 


Substantial 
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questions  such  as:  Do  12-year-old  boys 
experience  the  same  situations  as 
threatening  as  do  18-year-old  boys?  Do 
males  and  females  differ  in  this  respect 
at  a  given  age?  Are  there  urban-rural  or 
other  cross-cultural  differences?  Such 
descriptions  and  their  frequency  of  oc¬ 
currence  provide  a  guide  to  judging  the 
representativeness  of  both  person  sam¬ 
pling  and  situation  sampling  for  further 
research  and  permit  the  choice  of  appro¬ 
priate  situations  for  the  study  of  fear 
and  anxiety  in  particular  populations.  A 
further  step  allows  the  construction  of 
an  intensity  scale  for  each  category  and 
factor  analysis  to  reach  outcome  dimen¬ 
sions  of  anxiety-provoking  situations. 

Further  work  on  the  frequency- 
intensity  contrast  has  turned  up  impor¬ 
tant  sex  differences,  for  example.  Among 
male  teenagers,  intensity  and  frequency 
of  anxiety-provoking  situations  were 
negatively  correlated  with  each  other, 
but  frequency  was  not  correlated  with 
cognitive  preoccupation  and  worry.  For 
female  teenagers,  intensity  and  frequen¬ 
cy  were  positively  correlated  with  one 
another,  and  frequency  was  also  posi¬ 
tively  correlated  with  cognitive  pre¬ 
occupation  and  worry.  The  suggestion  is 
that  situation  perception  operates  quite 
differently,  and  with  different  effects, 
among  males  and  females  (Torestad  and 
Magnussor,  1982). 

This  has  important  implications  for 
other  research  seeking,  for  example, 
relations  between  physiological  or  bio¬ 
chemical  reactions  and  stress  or  anxiety 
reactions.  Magnusson  (1984c)  gives 
several  examples: 

1.  It  has  typically  been  found 
that  men  exhibit  stronger  adrenalin 
reactions  to  stress  than  do  women.  But 
the  situations  studied  usually  demand 
achievement.  If  the  situation  studied 
threatened  separation  from  social  con¬ 
tacts,  a  situation  found  to  be  more 
stressful  for  females  than  males,  then 
females  might  show  more  adrenalin  reac¬ 
tion.  Some  current  data  suggest  that 
this  is  the  case. 

2.  Some  situations  are  experienced 
as  anxiety-provoking  by  some  individuals 
but  as  anger-provoking  by  others.  To 
test  the  old  hypothesis  that  adrenaline 
accompanies  anxiety  reaction  while  nor¬ 
adrenaline  accompanies  aggressive  reac¬ 
tion,  one  has  to  take  situation  percep¬ 
tion  into  account.  Previous  studies  have 
not  done  this. 

3.  Stability  in  rank  order  of 
individuals  in  adrenaline  and  noradrena¬ 
line  excretion  can  be  investigated 
across  different  types  of  situations. 
When  this  was  done  to  compare  laboratory 
situations  with  everyday  life  situa¬ 


tions,  it  was  found  that  rank  order  was 
stable  across  different  laboratory 
situations  but  variable  across  different 
everyday  situations.  This  suggests  that 
the  laboratory  situation  as  such,  not 
the  specific  manipulations  introduced  by 
the  experimenter,  produced  the  main 
reaction. 

The  message  for  Magnusson  here  is 
threefold:  the  sampling  of  persons  and 
situations  must  ensure  representative¬ 
ness  with  respect  to  the  aim  of  general¬ 
ization  ;  persons  and  situations  must  be 
studied  as  wholes,  and  the  perception  of 
the  situation  by  the  person  is  crucial; 
what  is  needed  are  local  theories  of 
categories  of  persons  in  categories  of 
situations  with  respect  to  particular 
psychological  programs. 

This  theme  is  then  carried  into 
longitudinal  developmental  research  in  a 
project  that  has  been  following  a  large 
sample  of  Swedish  students  since  the 
mid-1960s.  The  primary  aim  is  to  study 
the  development  of  maladjustment  (Berg¬ 
man  and  Magnusson,  1983).  Two  examples 
of  results  from  this  work  can  be  noted 
briefly  here. 

One  concerns  the  relation  of  dif¬ 
ferences  in  physical  maturation  and 
alcohol  habits  in  adolescence  and  adult¬ 
hood.  At  age  14,  early-maturing  females 
were  found  to  have  higher  frequencies  of 
drunkenness  than  later-maturing  females. 
As  maturation  continued,  this  difference 
diminished  until,  in  adulthood,  there 
was  no  correlation  between  age  of  men- 
arche  and  drinking  habits.  The  effect  is 
interpreted  as  a  function  of  the  situa¬ 
tional  conditions  in  which  early-  and 
late-maturing  females  find  themselves 
(Magnusson  and  Stattin,  1982) . 

Another  study  (Magnusson,  1984a) 
collected  all  the  criminal,  alcohol 
problem,  and  psychiatric  records  avail¬ 
able  in  Sweden  on  males  in  the  longitu¬ 
dinal  sample  (who  were  by  then  age  28) 
and  related  these  to  measures  of  aggres¬ 
siveness,  motor  activity,  and  urine 
adrenaline  excreted  under  active  and 
passive  conditions,  collected  when  the 
subjects  were  at  age  10  to  13.  The  aim 
was  to  test  the  often  observed  "fact" 
that  aggressiveness  at  school  age  is 
highly  predictive  of  young  adult  crimi¬ 
nality,  and  the  related  observation  that 
adrenalin  excretion  is  lower  in  crimi¬ 
nals  . 

The  prediction  held  also  in  this 
study;  adrenaline  excretion  at  age  13 
was  negatively  correlated  with  adult 
criminality.  However,  it  was  also  recog¬ 
nized  that  teacher  ratings  of  aggres¬ 
siveness  could  often  be  confounded  with 
those  for  motor  activity;  by  separating 
the  two,  aggressiveness  and  activity 
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Figure  4.  Cross-sectional  profiles  of 
fan  blade. 


the  lateral  coordinates  of  surface 
points,  the  positions  of  the  edges  of 
the  object  cannot  be  accurately  deter¬ 
mined.  Furthermore,  since  the  camera 
cannot  resolve  the  closely  packed  con¬ 
tours  which  appear  on  high  surface  gra¬ 
dients,  the  system  is  limited  to  the 
measurement  of  objects  with  slopes  of  a 
few  tens  of  degrees  or  less.  The  resolu¬ 
tion  of  closely  packed  contours  can  be 
improved  by  increasing  the  contour 
interval  so  that  fewer  contours  are  pre¬ 
sent  in  the  field  of  view. 

Reference 
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Material  Sciences 


MATERIALS -SCIENCE  RESEARCH  UNDER  MICRO- 
GRAVITY  CONDITIONS 

by  Kenneth  D.  Challenger.  Dr.  Challen¬ 
ger  is  the  Liaison  Scientist  for  Materi¬ 


als  Science  in  Europe  and  the  Middle 
East  for  the  Office  of  Naval  Research  ' s 
London  Branch  Office.  He  is  on  leave 
until  May  1986  from  the  Naval  Postgradu¬ 
ate  School ,  where  he  is  Associate  Pro¬ 
fessor  of  Materials  Science. 


The  European  Space  Agency  (ESA)  and 
the  German  Aerospace  Research  Establish¬ 
ment  (DFVLR)  in  cooperation  with  the 
European  Low-Gravity  Research  Associa¬ 
tion  (ELGRA)  sponsored  the  Fifth  Euro¬ 
pean  Symposium  on  Material  Sciences 
Under  Micro-Gravity  from  5  through  11 
November  1984. 

The  previous  symposium  on  this 
topic  was  held  in  April  1983.  However, 
with  the  flight  of  the  Spacelab  1  exper¬ 
iments  in  November  1983,  more  new  infor¬ 
mation  was  presented  at  the  fifth  con¬ 
ference  than  at  any  of  the  preceding 
four.  The  proceedings  were  to  be  avail¬ 
able  by  February  1985.  Interested  par¬ 
ties  should  write  to:  Mr.  T.D.  Guyene, 
ESA  Scientific  and  Technical  Publica¬ 
tions  Branch,  ESTEC,  Noordwijk,  The 
Netherlands.  The  symposium  was  organized 
by  Professor  B.  Feuerbacher,  Director  of 
Space  Programs  for  DFVLR.  (For  informa¬ 
tion  about  ELGRA,  see  ESN  38-9:505-508 
[1984] .) 

Background 

Materials  are  studied  under  mi¬ 
crogravity  conditions  for  two  reasons. 
First,  for  science — to  learn  more  about 
the  fundamental  mechanisms  which  control 
the  properties  of  materials  on  Earth; 
the  microgravity  environment  allows  the 
study  of  certain  parameters  which  cannot 
be  studied  in  the  presence  of  gravita¬ 
tional  forces  (e.g.,  the  mechanism  of 
thermal  diffusion  in  liquids) .  The 
Spacelab  experiments  have  demonstrated 
that  research  under  microgravity  condi¬ 
tions  will  lead  to  improved  materials 
and  methods  for  processing  materials  on 
Earth.  This,  at  least  for  the  next  10  to 
20  years,  is  likely  to  be  the  most  valu¬ 
able  aspect  of  microgravity  materials 
research . 

Second,  materials  processed  in 
space  sometimes  have  desirable  proper¬ 
ties  which  cannot  be  achieved  by  pro¬ 
cessing  under  gravity.  It  is  difficult 
to  imagine  at  present  many  examples  jus¬ 
tifying  the  expense  of  processing  in 
space;  however,  there  have  already  been 
many  scientific  surprises  and  no  doubt 
more  will  occur.  Therefore,  it  is  dif¬ 
ficult  to  eliminate  the  possibility  of 
commercial  materials  processing  in 
space.  One  example  of  a  pioneering 
space-processing  venture  is  a  collabora¬ 
tive  program  between  the  US  National 
Aeronautics  and  Space  Administration 
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(NASA)  and  the  Microgravity  Research 
Corporation;  they  will  grow  GaAs  crys¬ 
tals  in  space.  These  partners  believe 
that  there  is  an  existing  market  for 
this  material.  At  the  symposium.  Pro¬ 
fessor  A.  Gatos  (Massachusetts  Institute 
of  Technology  [MIT] )  explained  the  pro¬ 
cess  which  he  and  his  coworkers  at  MIT 
have  developed  for  the  growth  of  GaAs 
crystals.  These  crystals,  grown  on  Earth 
by  an  electroepitaxial  growth  method, 
have  demonstrated  an  electronic  mobility 
which  approaches  that  theoretically  ob¬ 
tainable  for  GaAs.  Thus  they  are  nearly 
defect-free  crystals.  The  problem  is 
that  with  this  method  only  small  crys¬ 
tals  can  be  grown.  The  volume  of  solu¬ 
tion  required  to  grow  a  large  crystal 
becomes  so  great  that  convection  cur¬ 
rents  in  the  liquid  are  induced  by 
gravity  and  produce  crystalline  defects, 
reducing  the  electronic  mobility  of  the 
crystal.  In  space,  convection  currents 
are  eliminated;  therefore  it  should  be 
possible  to  produce  larger  crystals  with 
the  same  high  electronic  mobility  ob¬ 
tainable  in  the  smaller  crystals.  Al¬ 
though  several  commercial  projects  in 
the  field  of  biomedicine  in  space  have 
started,  this  appears  to  be  the  only 
materials  science  project  with  commer¬ 
cial  possibilities  reviewed  at  this 
symposium.  These  GaAs  crystals  are  not 
expected  ever  to  replace  silicon  in 
semiconducting  devices  but  to  extend  the 
use  of  semiconductors.  Although  the 
space-processed  GaAs  crystals  are  expec¬ 
ted  to  cost  about  $100,000  per  kilogram, 
Gatos  believes  that  they  will  have 
immediate  applications  as  substrates  for 
lasers  and  as  high- reliability  fast 
switches . 

Spacelab  1  Experiments 

For  this  discussion  I  have  divided 
the  Spacelab  experiments  into  three 
types:  (1)  development  of  techniques 
for  the  direct  application  of  materials 
processing  in  space;  (2)  fundamental 
understanding  of  mechanisms  in  materi¬ 
als;  and  (3)  development  of  new  or 
better  materials.  The  Spacelab  1  experi¬ 
ments  included  the  study  of  the  proper¬ 
ties  of  liquids  (diffusion  and  convec¬ 
tion);  crystallization  (nucleation  mech¬ 
anisms)  ;  surface  energy  measurements  of 
liquid  surfaces  and  of  liquid/solid 
interfaces  (Marangoni  induced  flow,  cap¬ 
illary  forces,  and  interface  effects  on 
the  diffusion  in  liquids);  dampening 
properties  of  liquids;  and  the  growth 
mechanisms  of  organic  crystals  (pro¬ 
teins)  from  solution. 

The  results  of  the  Spacelab  1  ex¬ 
periments  on  materials  have  provided 
fundamental  information  on  scientific 


mechanisms  which  should  result  in  the 
production  of  new  and  better  materials 
on  Earth.  The  general  attitude  of  the 
participants  of  this  symposium  regarding 
materials  processing  in  space  during 
this  century  is  not  optimistic;  however, 
the  scientific  information  gained  from 
the  Spacelab  experiments  appears  to  have 
justified  their  expense. 

Type  I  Experiments.  The  production 
of  metal  matrix  composites  in  space  may 
improve  the  adhesion  between  the  metal 
and  the  fibers  or  particles  of  the 
composite.  In  addition,  production  in 
space  eliminates  many  of  the  problems 
that  are  caused  by  gravity  and  that  are 
inherent  in  liquid  phase  production  of 
these  composites  on  Earth — namely 
particle  movement,  agglomeration,  and 
sedimentation.  L.  Froyen  and  A.  Deruyt- 
tere  (Katholieke  Universiteit  Leuven, 
Heverlee,  Belgium)  had  modest  success  in 
improving  the  properties  of  A1-A1203  and 
Al-SiC  particle  composites  in  space. 
Fully  dense  A1  powder  with  AI2O3  or  SiC 
particles  was  melted  in  the  Spacelab' s 
isothermal  furnace  facility.  These 
samples  have  a  more  homogeneous  dis¬ 
tribution  of  particles  than  those 
similarly  processed  on  Earth.  This 
distribution  results  in  improved  abra¬ 
sive  wear  resistance  and  a  20-percent 
increase  macro-hardness. 

Attempts  to  produce  unidirectional- 
ly  solidified  cast  iron  in  space  by 
W.H.M.  Alseni,  T.  Luyendijk,  and  H. 
Nieswaag  (Technische  Hogeschool  Delft, 
The  Netherlands)  were  unsuccessful.  Con¬ 
vection  currents  in  the  liquid,  believed 
to  be  due  to  Marangoni  flow,  resulted  in 
a  graphite-flake  distribution  similar  to 
that  observed  on  Earth. 

Several  experiments  tested  the  con¬ 
cept  of  skin  technology  in  space  pro¬ 
cessing.  The  main  idea  is  that  a  finish¬ 
ed  shape  fc  :med  on  Earth  is  coated  with 
a  thin  skin  of  A1203  ;  the  component  is 
then  remelted  in  space.  The  refractory 
skin  has  two  purposes:  first,  to  main¬ 
tain  the  finished  shape  which  was  formed 
on  Earth,  and  second,  to  stop  Marangoni 
convection  by  eliminating  the  liquid/gas 
interface  when  the  material  is  remelted. 
An  experiment  where  a  gas  turbine  blade 
was  remelted  in  space  by  this  method  was 
performed  by  H.  Springer  (MAN  Neue  Tech- 
nologie,  Miinchen,  West  Germany).  The 
more  important  findings  of  this  experi¬ 
ment  are  that  the  skin  must  be  about  50- 
to  100-um  thick  in  order  to  be  strong 
enough  to  counteract  capillary  forces, 
the  liquid  should  wet  the  skin,  and  a 
special  nonwetting  reservoir  must  be 
used  to  accommodate  the  volume  changes 
which  occur  upon  melting  and  solidifica¬ 
tion. 
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E.  Siegfried  (Fachgrappe  Fiigetech- 
nick  der  Bundesanstalt  fur  Material- 
priifung,  Berlin)  and  K.  Frieler  and  R. 
Stickler  (Institut  fur  Physikalische 
Chemie  der  Universtat  Wien,  Wien,  Aus¬ 
tria)  discussed  an  experiment  on  vacuum 
brazing.  The  objective  of  this  experi¬ 
ment  was  to  demonstrate  that  capillary 
forces  under  microgravity  conditions 
would  result  in  a  better  distribution  of 
the  brazing  material  than  occurs  on 
Earth.  The  construction  and  repair  of 
components  in  space  will  require  joining 
of  materials  by  this  method.  This  exper¬ 
iment  demonstrated  the  feasibility  of 
brazing  in  space. 

Type  II  Experiments.  Many  of  the 
Spacelab  1  experiments  fall  into  this 
category;  in  my  opinion,  the  most  sig¬ 
nificant  results  have  been  obtained  from 
these  type  II  experiments. 

In  space,  gravity  becomes  an  exper¬ 
imental  parameter  which  can  be  control¬ 
led.  (At  least  this  is  true  in  theory; 
but  in  Spacelab  1,  gravity  was  reduced 
to  about  10_5g  and  not  controlled  very 
well.  Acceleration  of  the  spacecraft 
due  to  movements  of  the  crew,  orbit-ad- 
justing  maneuvers,  atmospheric  drag,  and 
other  factors  resulted  in  randomly  fluc¬ 
tuating  forces  on  the  order  of  ±10-4g 
with  occasional  peaks  as  high  as  10~3g.) 
The  reduction  of  gravity  allows  the 
study  of  some  mechanisms  which  cannot  be 
studied  on  Earth.  This  is  especially 
true  for  heated  liquids,  where  gravity 
induces  thermal  convection,  and  for  the 
crystallization  of  liquids,  where  nucle- 
ation  and  growth  mechanisms  are  often 
dominated  by  gravitational  effects. 

Since  there  were  many  experiments 
in  this  category,  I  will  discuss  only 
those  which  produced  new  information  of 
a  fundamental  nature.  Perhaps  the  most 
important  result  is  the  verification 
that  convection  in  heated  liquids  with  a 
free  surface  will  still  occur  in  space. 
The  convection  currents  are  not  caused 
by  buoyancy  forces  as  in  thermal  convec¬ 
tion,  but  are  due  to  variations  in  the 
surface  tension  of  a  free  liquid  surface 
caused  by  temperature  variations. 

L.  Napolitano  and  coworkers  (Uni¬ 
versity  of  Naples,  Italy)  have  performed 
several  experiments  on  this  topic  prior 
to  and  in  Spacelab  1;  the  results  have 
provided  a  basis  for  the  development  of 
quantitative  mathemat i i-a  1  models  of 
Marangoni  flow.  All  of  these  experi¬ 
ments  in  Spacelab  1  used  the  fluid 
physics  module  with  silicon  oil  as  the 
working  fluid,  primarily  for  safety 
reasons.  However,  the  experimenters 
have  learned  that  silicon  oil  was  not 
the  best  choice  because  it  can  wet  prac¬ 
tically  any  surface  and  caused  many 
clean-up  problems  (the  experiments  were 


in  jeopardy  because  the  astronauts  were 
running  out  of  paper  towels) . 

Diffusion  mechanisms  in  liquids 
must  be  known  in  order  to  understand  the 
solidification  mechanisms  of  materials. 
Gravity-induced  thermal  convection  in 
liquids  makes  the  determination  of  the 
diffusion  mechanisms  almost  impossible 
on  Earth.  C.  Frohberg,  K.K.  Kraatz, 
and  H.  Weaver  (Technische  Universitat 
Berlin,  Berlin)  completed  an  experiment 
in  Spacelab  1  using  Sn112  and  Sn124 
tracers  to  study  the  temperature  depend¬ 
ence  of  self-diffusion  in  liquid  tin. 
Essentially  no  scatter  in  these  data  was 
observed;  the  activation  energies  and 
pre-exponential  constants  in  the  diffu¬ 
sion  equations  were  accurately  deter¬ 
mined  for  the  first  time  in  any  liquid 
metal.  The  diffusion  rate  under  micro¬ 
gravity  was  always  less  than  that  meas¬ 
ured  on  Earth,  and  it  was  measured  with 
between  10  and  100  times  the  accuracy 
possible  on  Earth.  Other  experiments 
successfully  determined  some  of  the  fun¬ 
damental  properties  of  liquids:  capil¬ 
lary  forces  in  liquids  by  J.F.  Paddy 
(Kodak,  Research  Division,  Wealdstone, 
Harrow,  UK)  ;  dampening  characteristics 
and  resonant  frequencies  in  liquids  by 
H.  Rodot  (Centre  National  de  la  Re¬ 
cherche  Scientifique ,  Meudon,  France); 
and  free  surface  behavior  of  moving 
liquids  by  J.P.B.  Vreeburg  (National 
Aerospace  Laboratory,  Amsterdam,  The 
Netherlands) . 

The  characterization  of  the  dis¬ 
turbing  forces  on  the  space  shuttle 
still  needs  to  be  completed.  These 
forces  are  important  in  many  of  the 
experiments.  V.I.  Polezhaev  (USSR 
Academy  of  Science,  Moscow,  USSR)  has 
developed  a  mathematical  model  of  micro¬ 
gravity  aboard  an  unmanned  Soviet  satel¬ 
lite.  The  model  includes  the  dynamics, 
shape,  and  orbit  of  the  satellite's 
motion  around  the  center  of  masses  and 
the  atmospheric  drag  forces.  He  present¬ 
ed  this  model  and  related  its  predic¬ 
tions  to  macro-  and  micro-chemical 
inhomogeneities  at  a  solid/liquid  inter¬ 
face  during  solidification.  He  showed 
that  high-frequency  convection  has  only 
a  small  effect  on  impurity  distributions 
in  the  crystal  but  that  low-frequency 
convection  will  result  in  a  periodic 
variation  in  the  impurity  distribution 
similar  to  that  observed  on  Earth  in 
doped  Si  single  crystals  (the  so-called 
striations  in  Si  semiconductors)  .  This 
type  of  modeling  appears  to  be  necessary 
to  interpret  completely  the  effects  of 
the  Spacelab' s  microgravity  environment 
on  the  various  experiments. 

The  mechanisms  of  phase  separation 
in  alloys  where  a  miscibility  gap  exists 
in  the  liquid  state  were  studied  by 
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several  investigators.  At  1  g  it  has 
been  impossible  to  separate  and  under¬ 
stand  the  fundamental  forces  which  cause 
various  distributions  of  one  phase  in 
the  other.  At  least  three  factors  affect 
the  final  distribution:  density  differ¬ 
ences,  interface  surface  energies,  and 
the  volume  fraction  of  the  minority 
phase.  Experiments  in  space  eliminate 
the  effect  of  density  differences, 
allowing  the  other  two  factors  to  be 
studied.  A.  Kneissel  (Institut  fur 
Metallkunde,  Leoben,  Austria)  and  H. 
Fischmeister  (Max-Planck-Institut  fur 
Metallforschung ,  Stuttgart,  West  Ger¬ 
many)  showed  that  it  is  possible  to 
create  a  fine  dispersion  of  Pb  in  a  Zn 
matrix  (2  percent-5  percent  Pb)  .  The 
diffusion  rate  of  liquid  Pb  in  liquid  Zn 
was  estimated  from  the  growth  kinetics 
of  the  liquid  Pb  droplets  to  be  between 
5 x  1 0“ 5  and  8xl0-5  cm^/s  at  475°C. 

R.  Nitsche  and  coworkers  at  the 
Universitat  Freiburg,  Freiburg,  West 
Germany,  performed  several  very  elegant 
experiments  on  crystal  growth  from  solu¬ 
tion.  The  traveling  heater  method  was 
used  to  grow  CdTe  from  a  seed  using 
liquid  Te  as  a  solvent  and  a  CdTe  feed 
rod.  Unfortunately  only  6  hours  of  the 
17-hour  experiment  were  completed  due  to 
a  fault  in  the  cooling  system  of  the 
materials-science  double  rack.  The  small 
crystal  which  was  grown  in  this  time 
(1.5-mm  thick)  was  badly  damaged  by  the 
rapid  cooling  that  followed  the  unplan¬ 
ned  shut-down  of  the  furnace.  This 
experiment  proved  in  principle  that 
these  difficult  crystal-growth  experi¬ 
ments  can  be  performed  in  space.  Nitsche 
and  coworkers  also  grew  a  P  doped  Si 
crystal  by  the  floating  zone  method  in 
an  attempt  to  discover  the  origin  of  the 
heterogeneous  distribution  of  impurities 
(dopants)  in  Si  single  crystals  grown  on 
earth.  These  chemical  heterogeneities 
are  the  cause  of  the  striations  observed 
on  the  surface  of  Si  single  crystals 
after  etching.  (The  chemical  heteroge¬ 
neities  in  the  crystal  reduce  its  per¬ 
formance  as  a  semiconductor.)  After 
etching,  the  crystals  were  compared  with 
"identical"  crystals  grown  on  Earth.  The 
researchers  conclude  that  the  major 
striations  are  caused  by  rotating  the 
crystal  during  growth  (independent  of 
gravity)  and  that  the  micro-striations 
are  also  present  in  both  microgravity 
and  1-g  processed  nonrotated  crystals. 
They  conclude  that  time-dependent 
thermo-capillary  flows  driven  by  surface 
tension  gradients  (Marangoni  flow)  cause 
these  micro-variations  in  the  dopant 
concentrations.  To  verify  this  conclu¬ 
sion,  the  researchers  performed  a  ter¬ 
restrial  experiment  in  which  the  liquid 
zone  was  coated  with  a  Si  oil.  Since 


the  liquid  Si  did  not  have  a  free  sur¬ 
face,  thermo-capillary  flow  was  sup¬ 
pressed  and  the  resulting  crystal  was 
indeed  striation-free .  These  experiments 
by  Nitsche  are,  perhaps,  the  best  exam¬ 
ples  of  how  experiments  in  space  can  be 
used  to  understand  fundamental  mecha¬ 
nisms  which  can  then  be  exploited  on 
Earth. 

Type  III  Experiments.  These  experi¬ 
ments  were  the  least  successful  of  the 
three  types,  probably  because  the  first 
two  types  received  more  background  study 
on  Earth  and  in  other  microgravity  envi¬ 
ronments  (TEXUS  sounding-rocket  experi¬ 
ments)  .  These  experiments  were  more  of 
a  "look-see"  type  than  truly  scientific. 

Many  experiments  on  semiconductor 
crystal  growth  were  performed:  doped  Si, 
II-VI,  and  III-V  compounds.  These 
experiments  were  performed  in  the  mirror 
heater  facility.  Problems  with  this  fur¬ 
nace  occurred  because  it  lacked  radial 
uniformity  in  temperature  and  because 
the  focal  points  of  the  double  ellipsoid 
mirrors  were  not  known  precisely  enough. 
However,  it  was  shown  that  many  differ¬ 
ent  types  of  crystals  could  be  grown  in 
space — given  the  proper  hardware  to  pro¬ 
duce  these  crystals — and  it  was  further 
shown  that  these  crystals  will  have 
fewer  defects  than  those  grown  on  Earth. 
Bubble  formation  and  the  removal  of 
these  bubbles  during  crystal  growth  in 
space  is  a  serious  problem  which  must  be 
considered  carefully. 

The  creation  of  novel  composite 
materials  is  possible  by  the  directional 
solidification  of  eutectic  alloys  in 
space.  G.  Muller  and  P.  Kyr  (Univer¬ 
sitat  Erlangen,  Erlangen,  West  Germany) 
used  InSb-NiSb  as  a  model  system  for  the 
production  of  a  semiconductor  matrix 
(InSb) -metal  (NiSb)  fibrous  composite  by 
directional  solidification.  It  was  un¬ 
certain  whether  gravity  would  influence 
the  eutectic  microstructure.  The  re¬ 
searchers  conclude  that  gravity  has  a 
distinct  influence;  the  directional 
solidification  of  this  alloy  in  space 
has  refined  the  microstructure  (the 
fibers  are  30  percent  closer  together)  . 
This  difference  is  believed  to  be  due  to 
the  fact  that  pure  diffusional  transport 
only  occurs  under  microgravity.  This 
finding  is  an  important  step  in  improv¬ 
ing  theoretical  models  for  the  growth  of 
directionally  solidified  eutectics  both 
on  Earth  and  in  space.  In  contrast  to 
these  results,  J.  Favier  and  J.  De  Goer 
(Centre  d' Etudes  Nucleaires  de  Grenoble, 
France)  examined  three  different  direc¬ 
tionally  solidified  eutectic  materials: 
lamellar  Al-AljCu,  fiber-like  AljNi-Al, 
and  irregular  Ag-Ge .  They  found  no 
microstructura 1  differences  between 
materials  processed  on  Earth  and  in 
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Spacelab.  These  investigators  believe 
that  the  seemingly  contradictory  results 
can  be  explained  by  differences  in  the 
volume  changes  of  the  two  solid  phases 
in  the  eutectic  which  occur  on  solidifi¬ 
cation.  The  spacing  between  the  fibers 
may  be  altered  by  changes  in  the  diffu¬ 
sion  kinetics  in  the  liquid  which  result 
from  a  "pumping"  mechanism  caused  by  the 
volume  changes. 

The  final  experiment  in  this  cate¬ 
gory  is  perhaps  the  most  successful  and 
noteworthy  of  all  of  the  materials-sci- 
ence  experiments.  W.  Littke  and  C.  John 
(Chemisches  Laboratorium  der  Universitat 
Freiburg,  West  Germany)  have  produced 
single  crystals  of  two  model  proteins 
8-galactosidase  and  lysozyme  which  are, 
respectively,  27  and  1000  times  larger, 
and  more  perfect,  than  any  crystals  of 
these  proteins  previously  grown  on 
Earth.  The  significance  of  this  result 
is  that  the  crystals  are  large  enough  to 
perform  the  x-ray  diffraction  studies 
necessary  to  solve  the  puzzle  of  the 
atomic  structure  of  these  complex  mole¬ 
cules.  The  great  success  of  this  experi¬ 
ment  has  convinced  ESA  to  continue  to 
perform  similar  experiments  during 
future  flights. 

Conclusions 

Materials  processing  offers  great 
promise  for  the  commercialization  of 
space.  However,  with  only  a  very  few 
exceptions,  commercial  production  is  not 
likely  to  occur  in  this  century.  The 
greatest  use  of  space  science  will  be  to 
provide  insight  into  the  important  mech¬ 
anisms  which  control  the  properties  of 
materials  on  Earth.  The  microgravity 
environment  is  very  useful  for  fundamen¬ 
tal  research  on  the  properties  of 
liquids  and  liquid/solid  phase  changes. 
The  Spacelab  facility  has  its  faults, 
but  it  has  demonstrated  not  only  the 
feasibility  but  also  the  value  of  manned 
space  science;  most  participants  in  the 
Spacelab  1  program  feel  that  the  astro¬ 
nauts  were  necessary  (hardware  problems 
would  have  prevented  the  execution  of 
most  experiments  if  the  astronauts  had 
not  been  there  to  repair  and  modify 
equipment)  .  Perhaps  the  greatest  dis¬ 
advantage  of  man's  presence  is  that  much 
more  rigid  safety  standards  are  imposed, 
severely  restricting  the  types  of 
materials  which  can  be  studied. 

Europeans  believe  that  it  is  cru¬ 
cial  for  Europe  to  keep  up  with  the 
major  participants  in  space  exploita¬ 
tion.  They  believe  that  Europe  was  too 
conservative  in  the  field  of  microelec¬ 
tronics,  resulting  in  its  present  minor 
role  in  this  field;  Europeans  do  not 
want  this  to  happen  in  space.  Dr.  H. 
Strub,  West  Germany's  Federal  Minister 


for  Research  and  Technology,  emphasized 
this  point  and  also  that  space  science 
will  soon  begin  to  compete  for  funding 
with  other  major  sciences.  If  space 
science  is  to  be  successful,  the  tax¬ 
payers  must  be  convinced  of  its  value. 
He  announced  that  France  and  Germany 
have  reached  an  agreement  at  the  Presi¬ 
dent/Chancellor  level  to  develop  the 
HM60  engine  for  the  French  rocket¬ 
launching  system.  This,  combined  with 
the  German/Italian  COLUMBUS  program 
(expected  to  be  the  European  contribu¬ 
tion  to  the  US  space-station  program) , 
will  continue  Europe's  participation  in 
space  science  (see  page  109  of  this 
issue)  . 

The  DFVLR-sponsored  space  shuttle 
flight  with  the  Spacelab  (called  Dl)  is 
scheduled  in  1985.  It  appears  that  it 
will  essentially  be  a  reflight  of  the 
Spacelab  1  experiments  since  the  two 
flights  are  too  close  together  for  Dl  to 
take  advantage  of  many  of  the  lessons 
learned  with  the  Spacelab  1  flight. 
DFVLR  is  trying  to  arouse  interest  in  an 
international  (read  "European")  micro- 
gravity-research  center  at  Koln,  West 
Germany,  where  various  special  facili¬ 
ties  for  the  background  research  sup¬ 
porting  microgravity  materials  research 
could  be  performed. 

The  Europeans '  real  hope  for  space 
science  hinges  upon  their  participation 
(yet  to  be  determined)  in  the  US  space- 
station  project. 

Some  of  the  best  advice  offered  to 
ESA  during  the  meeting  came  from  the 
famous  Professor  A.  Seeger  (Max-Planck- 
Institut,  Stuttgart) ,  an  outsider  to 
space  science.  (Dr.  U.  Merbold,  one  of 
the  payload  specialists  on  the  Space¬ 
lab  1  mission,  works  for  him.)  He 
reminded  the  members  of  the  space  sci¬ 
ence  community  that  they  should  review 
and  discuss  their  experiments  with  the 
experts  in  their  discipline  "on  Earth" 
because  there  is  a  wealth  of  knowledge 
that  could  help  better  select  the  space 
experiments  that  would  be  most  likely  to 
advance  scientific  understanding.  He 
reminded  the  community  that  gravity  is 
only  one  of  many  parameters  which  influ¬ 
ence  the  properties  of  materials  and 
that  space  simply  provides  a  useful  tool 
to  study  this  parameter.  Gravity  should 
be  parametrically  controlled  (not  simply 
reduced  to  zero)  in  order  to  quantita¬ 
tively  study  its  influence. 

Until  the  results  of  the  Dl  mission 
are  available  in  mid-1986,  very  little 
new  information  will  be  produced  in  this 
field  in  Europe. 
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WORKSHOP  ON  LIAPUNOV  EXPONENTS 

by  C.J.  Holland.  Dr.  Holland  is  the 
Liaison  Scientist  for  Applied  Mathemat¬ 
ics/Computational  Science  in  Europe  and 
the  Middle  East  for  the  Office  of  Naval 
Research's  London  Branch  Office.  He  is 
on  reassignment  until  December  1985  from 
the  Office  of  Naval  Research ,  Arlington , 
Virginia ,  where  he  is  the  Deputy  Divi¬ 
sion  Director  of  the  Mathematical  Sci¬ 
ences  Division. 


The  time-average  values  of  the 
logarithms  of  the  absolute  values  of 
certain  quantities  are  important  tools 
for  analyzing  the  behavior  of  many 

deterministic  and  stochastic  physical 
systems.  These  time-average  values  are 
commonly  called  Liapunov  exponents  for 
two  reasons:  (1)  the  mathematician 

Liapunov  introduced  them  in  the  late 

19th  century  for  the  stability  analysis 
of  ordinary  differential  equations  with 
time  periodic  coefficients,  and  (2)  the 
tin a-average  values  determine  the  expo¬ 
nential  rate  of  change  of  the  quantity. 

A  workshop  on  Liapunov  Exponents 

with  a  concentration  on  stochastic  sys¬ 
tems  was  held  at  the  University  of 
Bremen  from  12  to  15  November  1984.  This 
meeting,  attended  by  approximately  50 
specialists,  was  organized  by  Professors 
Ludwig  Arnold  and  Volker  Wihstutz  (Uni¬ 
versity  of  Bremen) ,  who  are  leading 
researchers  in  this  area.  There  are 
plans  for  the  proceedings  to  be  pub¬ 
lished  in  a  future  volume  of  the 
Springer-Verlag  Lecture  Note  Series  in 
Mathematics . 

The  concept  of  Liapunov  exponents 
has  arisen  recently  in  the  analysis  of 
many  diverse  physical  models.  Talks  at 
the  meeting  discussed  the  use  of  these 
exponents  in  the  analysis  of  determinis¬ 
tic  chaos  in  nonlinear  systems,  the 
stability  analysis  of  stochastic  dynamic¬ 
al  systems,  and  the  behavior  of  solu¬ 
tions  to  the  Schrodinger  equation  or 
wave  equation  with  random  potential, 
with  a  concentration  on  the  last  two 
topics,  dealing  with  random  systems.  The 
many  uses  allowed  an  interesting  inter¬ 
action  between  mathematical  physicists 
and  system  theorists.  This  article  dis¬ 
cusses  a  representative  sampling  of  the 
talks  at  the  workshop. 

Researchers  at  Bremen  (L.  Arnold, 
H.  Crauel,  and  V.  Wihstutz)  discussed 
their  research  on  the  use  of  the  Liapu¬ 


nov  exponents  for  the  stability  analysis 
of  nonlinear  stochastic  dynamical  sys¬ 
tems.  These  systems  occur  frequently  in 
modeling  in  various  branches  of  engi¬ 
neering  and  physics.  After  linearization 
around  the  nominal  solution,  the  mathe¬ 
matical  problem  becomes  the  investiga¬ 
tion  for  the  stability  properties  of  the 
zero  solution  to  linear  systems  of  the 
form 


A(t,n(t))  x. 


x (0,a)  =  a, 


where  n(t)  is  some  stationary  process. 
(As  is  standard  in  probability  theory, 
dependence  on  the  parameter  w  in  the 
sample  space  has  been  suppressed.)  The 
zero  solution  is  stable  if  the  Liapunov 
exponents,  defined  by 

L(a)  =  lim  sup  [In  |  x(t,a)|  ]  /t 

as  t  approaches  infinity,  is  negative 
with  probability  one  for  any  initial 
random  variable  a.  If  A(t,n(t))  de¬ 
scribes  simply  a  constant  deterministic 
system,  then  the  Liapunov  exponents  are 
simply  the  real  parts  of  the  eigenvalues 
of  the  matrix  A,  and  stability  requires 
that  the  real  parts  be  negative. 

The  Bremen  researchers  have  concen¬ 
trated  on  the  case  when  the  noise  pro¬ 
cess  is  a  stationary  ergodic  diffusion. 
Under  certain  additional  assumptions,  a 
characterization  of  the  largest  Liapunov 
exponent  is  derived.  Asymptotic  results 
for  both  small  and  large  noise  are  also 
derived.  The  Bremen  researchers  have 
studied  the  canonical  problem  of  the 
effect  of  noise  on  the  damped  linear 
oscillator 

X"  +  2bx '  +  [k2+s  n  (t)  ] x  =  0, 

where  n(t)  is  a  stationary  ergodic  dif¬ 
fusion  process  with  mean  O  and  variance 
1,  k=l,  and  s  is  a  strength  parameter. 
In  the  case  of  no  noise,  s=0,  the  system 
is  stable  for  positive  b,  with  Liapunov 
exponents  given  by  the  real  parts 
of  -b  t  41b*  -1)  .  If  noise  is  present, 
they  have  shown  that  if  b>l,  then  the 
maximum  Liapunov  exponent  satisfies  the 
perturbation  expansion 

L  =  -b  +  4  b2-l  -B(b)s2  +  0  (s3 ) 

with  B(b)>0  as  s->0;  hence  noise  in¬ 
creases  stability  for  sufficiently  small 
noise.  On  the  other  hand,  if  b<l,  they 
derive  another  approximation,  which 
shows  that  noise  decreases  stability  if 
the  noise  is  sufficiently  small. 

Ken  Loparo  of  Case  Western  Univer¬ 
sity  discussed  the  case  of  the  undamped 
oscillator  b=0,  where  the  noise  process 
is  not  a  diffusion  process  but  rather  is 
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a  random  telegraph  process  n(t)  taking 
the  values  -1  and  1  with  jumps  between 
the  values  occurring  according  to  an 
exponential  distribution  with  mean  wait¬ 
ing  time  between  jumps  given  by  1/j.  For 
this  case  it  is  surprising  that  he  is 
able  to  derive  an  exact  expression  for 
the  maximum  Liapunov  exponent 


8 (k2  +j2) 

Liapunov  exponents  have  also  arisen 
in  the  analysis  of  the  one-dimensional 
Schrodinger  equation  or  wave  equation 
with  random  potential.  These  equations 
arise  physically  from  the  analysis  of 
electron  properties  in  disordered 
solids,  the  localization  of  water  waves 
by  a  random  bottom,  and  sound  propaga¬ 
tion  through  a  random  medium.  In  this 
case  the  reduced  wave  operator  is  a 
random,  second-order  differential 
operator  Hx  =  -x"+V(t)x  which  is  of  the 
form  of  the  equations  described  above. 
The  interesting  relationships,  as  de¬ 
scribed  by  B.  Souillard  (Ecole  Polytech¬ 
nique,  France)  and  S.  Kotani  (Kyoto  Uni¬ 
versity,  Japan) ,  are  the  relationships 
between  the  Liapunov  exponents  and  the 
spectrum  of  the  operator.  It  has  been 
shown  that  if  the  equation  Hx+tx=0 
has  a  positive  Liapunov  exponent  for  all 
real  t,  then  the  spectrum  of  the  opera¬ 
tor  is  discrete.  This  is  physically  sig¬ 
nificant  since  discrete  spectrum  implies 
localization  which  can  be  used  to 
explain,  for  example,  the  absence  of 
electrical  conductivity  in  disordered 
solids  or  the  localization  of  water 
works  in  a  media  with  rough  bottom. 

The  analysis  of  Liapunov  exponents 
is  currrently  an  area  of  rich  intellec¬ 
tual  activity  which  has  an  important 
payoff  for  theoretical  understanding  in 
random  wave  propagation,  stochastic  sta¬ 
bility  theory,  and  chaos.  Researchers  at 
the  University  of  Bremen  are,  in  partic¬ 
ular,  doing  excellent  work  in  the  appli¬ 
cations  to  stochastic  dynamical  systems. 
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RECEPTIVITY,  TRANSITION,  AND  CHAOS  AT 
NOVOSIBIRSK 

by  Patrick  Leehey.  Dr.  Leehey  is  the 
Liaison  Scientist  for  Naval  Architecture 
and  Applied  Mechanics  in  Europe  and  the 
Middle  East  for  the  Office  of  Naval 
Research’s  London  Branch  Office.  He  is 
on  leave  until  September  1985  from  the 
Massachusetts  Institute  of  Technology , 
where  he  is  a  Professor  of  Mechanical 
and  Ocean  Engineering . 


The  Second  International  Union  for 
Theoretical  and  Applied  Mechanics  Sympo¬ 
sium  on  Laminar-Turbulent  transition  was 
held  in  Novosibirsk,  USSR,  in  July  1984. 

Background 

The  International  Union  for  Theo¬ 
retical  and  Applied  Mechanics  (IUTAM) 
held  its  first  symposium  on  the  transi¬ 
tion  from  laminar  to  turbulent  flow  in 
1979  at  Stuttgart,  West  Germany.  Then 
it  became  evident  that  the  Institute  for 
Theoretical  and  Applied  Mechanics  (ITAM) 
of  the  Siberian  branch  of  the  Academy  of 
Sciences  of  the  USSR  at  Novosibirsk  was 
an  important  center  of  research  in  this 
field.  Accordingly,  the  next  such  sympo¬ 
sium  was  scheduled  to  be  held  there. 

The  sheer  logistics  of  this  plan 
are  impressive.  Academgorodok,  or  "Sci¬ 
ence  City"  as  it  is  sometimes  called  in 
the  West,  lies  some  30-km  south  of 
Novosibirsk,  the  capital  city  of  Siber¬ 
ia.  Novosibirsk  is  four  time  zones  east 
of  Moscow,  about  halfway  across  the 
USSR.  Many  of  the  participants  were  met 
on  entry  in  the  Soviet  Union  by  scien¬ 
tists  from  ITAM.  This  meant  simultane¬ 
ous  welcomings  in  Moscow  and  in  Vladivo¬ 
stok!  Fortunately,  few  chose  the  trans- 
Siberian  railway  for  the  trip — a  10-day 
round  trip  at  best. 

Sadly,  N.N.  Yanenko,  chairman  of 
the  IUTAM  scientific  committee,  died 
during  the  planning  stages  for  tuis 
meeting.  The  actual  operation  of  the 
symposium  was  in  the  capable  hands  of 
V . V .  Kozlov,  but  also  many  of  the  sci¬ 
entific  staff  of  ITAM  worked  very  hard 
to  make  the  symposium  a  success.  Their 
efforts  went  beyond  the  meeting  itself? 
a  number  of  us  were  accompanied  back  to 
Moscow  and  aided  in  arranging  visits  to 
institutes  there. 

Since  the  proceedings  of  this  sym¬ 
posium  will  be  published  by  Springer- 
Verlag,  Berlin,  this  summer,  I  shall 
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report  here  only  on  those  portions  of 
the  symposium  which  were  of  greatest 
interest — at  least  to  me.  References 
are  not  given.  For  specifics,  consult 
papers  by  authors  cited  below  in  the 
Proceedings  of  the  First  Symposium  on 
Laminar-Turbulent  Transition ,  Stuttgart, 
1979  (Berlin:  Springer-Verlag)  and 
volumes  of  the  Journal  of  Fluid  Mecha¬ 
nics  for  the  period  between  the  two 
symposia . 

Receptivity 

The  term  "receptivity"  was  chosen 
by  Mark  Morkovin  of  the  Illinois  Insti¬ 
tute  of  Technology  to  denote  the  re¬ 
sponse  of  a  laminar  flow  to  external 
disturbances.  Most  laminar  shear  flows 
can  develop  growing  travelling  waves, 
known  as  Tollmien-Schlichting  (TS)  waves 
after  the  two  investigators  who  first 
predicted  their  existence.  Such  insta¬ 
bility  waves  must  develop  from  some 
initial  excitation.  Receptivity  is,  in 
general  t€  ms,  the  ratio  of  a  TS  re¬ 
sponse  velocity  to  an  appropriate  exci¬ 
tation  velocity.  Variations  in  external 
excitation  are  responsible  for  the  so- 
called  "unit  Reynolds  number"  effect 
reported  from  various  wind  tunnels. 

Considerable  progress  has  been  made 
on  the  experimental  determination  of 
receptivity  of  laminar  boundary  layers 
since  the  first  symposium.  V.Ya. 
Levchenko  of  ITAM  reported  that  his 
findings  now  agree  with  those  of  my 
group  at  the  Massachusetts  Institute  of 
Technology  (MIT) .  Receptivities  of  order 
1  to  sound  waves  are  found  without  the 
need  for  an  intermediate  transfer  of 
energy  to  panel  vibration  adjacent  to 
the  boundary  layer.  I  showed  that  pro¬ 
perly  phased  panel  vibration  could  be 
used  to  cancel  the  effects  of  sound 
excitation,  restoring  natural  transi¬ 
tion.  V.M.  Giljev  of  ITAM  reported  the 
results  of  similar  experiments  where  TS 
waves  created  by  a  vibrating  ribbon 
could  be  reinforced  or  cancelled  b'' 
shifting  the  phase  of  a  vibrator  located 
in  the  wall  downstream  of  the  ribbon. 

Prior  to  this  meeting,  both  analy¬ 
tical  and  numerical  predictions  of  the 
receptivity  of  a  laminar  boundary  layer 
to  downstream  travelling  sound  waves 
were  several  orders  of  magnitude  too 
low.  New  theoretical  results  presented 
at  the  meeting  show  promise  of  resolving 
this  dilemma.  A.V.  Fedorov  of  the  Moscow 
Physical-technical  Institute  gave  his 
analysis  of  the  receptivity  of  a  com¬ 
pressible  subsonic  laminar  boundary 
layer  to  acoustic  disturbances.  He  con¬ 
sidered  two  mechanisms  for  exciting  TS 
waves.  The  first  is  the  nonparallelism 
of  the  boundary  layer.  This  alone 
provided  an  excitation  of  TS  waves 


localized  near  the  leading  edge  but 
extending  past  Branch  I  of  the  neutral 
stability  curve  for  the  case  considered. 
More  effective  excitation  was  obtained 
when  a  surface  waviness  was  assumed.  He 
stated  that  his  results  agreed  with 
experiments  of  L.B.  Aizin  and  N.F. 
Polyakov  of  ITAM  for  the  incompressible 
limit;  however,  details  of  the  wall 
waviness  were  not  given.  Apparently  only 
amplitudes  very  much  less  than  a  viscous 
sublayer  thickness  are  necessary. 

E.D.  Terent’ev  of  the  Computing 
Center  of  the  Academy  of  Sciences, 
Moscow,  determined  the  response  of  the 
boundary  layer  to  a  small  triangular 
vibrator  located  far  from  the  flat  plate 
leading  edge.  His  asymptotic  analysis 
for  large  Reynolds  number  is  of  the  tri¬ 
ple  deck  type.  What  appears  essential 
is  that  there  is  some  spatial  scale  of 
the  excitation  or  of  the  mean  flow 
(e.g.,  the  pressure  gradient)  that 
matches  the  appropriate  TS  wavelength  so 
that  a  high  receptivity  results.  Our 
own  experiments  at  MIT,  reported  at  the 
meeting,  bear  this  out  quite  conclusive¬ 
ly  in  the  case  of  zero  pressure  gradi¬ 
ent — obtained  when  the  test  plate  is 
given  a  slight  negative  angle  of  attack. 
Here  the  receptivity  to  downstream 
travelling  sound  waves  is  experimentally 
nil,  corresponding  to  and  justifying  the 
earlier  theoretical  results.  Or.  the 
other  hand,  the  adverse  pressure  gradi¬ 
ent  of  short  length  scale  formed  at  zero 
angle  of  attack  provokes  a  receptivity 
of  order  1. 

Transition 

Transition  from  laminar  to  turbu¬ 
lent  flow  follows  the  reception  phase 
discussed  above.  Reception  is  a  linear 
process;  transition  is  inherently  non¬ 
linear.  It  has  become  clear  from 
experiments,  largely  conducted  in  the 
period  between  the  two  symposia,  that 
there  are  at  least  two  basically  differ¬ 
ent  forms  of  transition  from  laminar  to 
turbulent  flow  in  boundary  layers.  The 
classical  form  is  that  reported  by 
Klebanoff,  Tidstrom,  and  Sargent  in 
1962.  They  found  that  both  the  mean  and 
unsteady  flows  developed  spanwise  perio¬ 
dicities.  Shortly  thereafter  the  un¬ 
steady  flow,  composed  of  TS  wave  pack¬ 
ets,  broke  down  catastrophically  to  form 
turbulent  spots.  The  spot  patterns  fol¬ 
lowed  each  other  in  nearly  regular  down- 
stream-directed  rows. 

A  different  type  of  transition  has 
been  observed  by  Yu.S.  Kachanov  and 

V. Ya.  Levchenko  at  ITAM  and  at  the  Vir¬ 
ginia  Polytechnic  Institute  (VPI)  by 

W. S.  Saric  and  his  coworkers.  Here  a 
half-frequency  subharmonic  interacts 
with  the  principal  TS  wave  to  produce  a 
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more  gradual  transition  to  turbulence. 
Three-dimensionality  plays  a  role  here 
as  well.  The  spot  patterns  alternate  in 
their  downstream  development,  reflecting 
the  doubled  wave  length  of  the  subhar¬ 
monic  . 

Although  both  types  of  transition 
are  usually  generated  by  vibrating  a 
thin  ribbon  stretched  spanwise  across 
the  boundary  layer  upstream  of  the  meas¬ 
urement  zone,  the  Klebanoff  type  was 
generated  by  placing  pieces  of  tape 
under  the  wire  at  regular  intervals  to 
emphasize  spanwise  periodicity.  The  wire 
itself  was  driven  by  a  strong  pure  tone. 
In  the  Kachanov/Saric  experiments,  the 
wire  was  driven  at  a  weak  pure  tone  and 
no  lateral  spacers  were  used.  In  some 
Saric  experiments  a  half-frequency  sub¬ 
harmonic  was  simultaneously  introduced 
into  the  ribbon  vibration.  In  the 
Kachanov  experiments,  however,  it  was 
simply  present  in  the  stream  turbulence 
spectrum. 

Several  theoretical  and  computa¬ 
tional  papers  were  presented  at  the 
meeting.  Primarily  they  were  devoted  to 
explaining  the  Kachanov/Saric  form  of 
transition.  On  the  surface,  the  issues 
appear  a  bit  confusing  because  both 
forms  of  transition  are  discussed  in 
terms  of  a  triad  of  interacting  waves 
first  introduced  by  A.D.D.  Craik  of  the 
University  of  St.  Andrews,  Scotland,  as 
a  possible  means  for  explaining  Kleban¬ 
off  transition.  Such  a  triad  of  waves 
travelling  at  the  same  wave  speed  con¬ 
sists  of  one  planar  wave  of  a  given  fre¬ 
quency  f  plus  two  opposing  oblique  waves 
of  frequency  f/2.  In  the  Klebanoff  case 
the  ribbon  frequency  is  f/2,  whereas  in 
the  Kachanov/Saric  case  the  ribbon  fre¬ 
quency  is  f.  T.  Herbert  of  VPi,  using  a 
spectral  collocation  numerical  method, 
finds  the  Kachanov/Saric  case  to  be  a 
parametric  excitation  of  subharmonics  of 
a  weakly  nonlinear  primary  TS  wave. 

1. 1.  Maslennikova  and  M.B.  Zelman 
of  ITAM  made  computations  yielding 
essentially  the  same  conclusions  as 
those  of  Herbert  for  the  Kachanov/Saric 
transition.  They  also  conclude  that  a 
Craik  resonance  model  is  inadequate  to 
explain  Klebanoff  transition.  Somewhat 
similar  results,  but  for  plane  Poiseuil- 
le  flow,  were  obtained  by  L.  Kleiser  and 
E.  Laurien  of  the  ~eutsche  Forschungs- 
und  Versuchsanstalt  fur  Luft-und  Raum- 
fahrt,  Institut  fur  Theoretische  Stro- 
mungsmechanik ,  Gottingen,  West  Germany. 
Kleiser  and  Laurien  performed  numerical 
experiments  to  cancel  TS  waves  and  pre¬ 
dicted  that  substantial  delays  in  tran¬ 
sition  are,  in  principle,  possible. 

M.  Nishioka  and  M.  Asai  of  the  Uni¬ 
versity  of  Osaka  Prefecture  gave  experi¬ 
mental  results  for  the  nonlinear  growth 


of  ribbon  excited  TS  waves  in  plane 
Poiseuille  flow  which  agree  with  earlier 
numerical  calculations  of  Herbert  in¬ 
volving  parametric  excitation  and  sub¬ 
harmonic  oscillations. 

Thus  it  appears  that  in  spite  of 
the  very  substantial  progress  made  in 
understanding  Kachanov/Saric  transition, 
we  have  not  yet  succeeded  in  uncovering 
the  basic  mechanism  of  the  older  Kleban¬ 
off  transition.  It  is  also  likely  that 
we  have  not  yet  found  experimentally  all 
of  the  important  forms  of  transition. 
For  example,  V.N.  Zhigulev  and  N.V. 
Sidorenko  of  the  Moscow  Physical-techni¬ 
cal  Institute  predict  by  an  asymptotic 
analysis  that  the  linear  stage  of  dis¬ 
turbance  development  will  be  bypassed  if 
the  intensity  of  stream  turbulence 
exceeds  a  certain  threshold  level.  This 
level  is,  in  turn,  determined  by  the 
wave  number  of  the  most  dangerous  exci¬ 
tation  and  the  local  Reynolds  number. 

Shear-Flow  Calculations  by  the  Spectral 
Collocation  Method 

It  was  quite  evident  at  this  sympo¬ 
sium  that  the  preferred  method  for  cal¬ 
culation  of  high-Reynolds-number  flows 
is  that  of  spectral  collocation  (more 
properly,  pseudo-spectral,  since  the 
governing  equations  are  nonlinear) .  This 
method  was  used  for  the  transition  cal¬ 
culations  of  Herbert  and  of  Kleiser  and 
Laurien  noted  above.  Expansions  in 
Chebyshev  polynomials  for  the  coordinate 
normal  to  a  wall  are  used,  preceded  by  a 
mapping  in  the  boundary  layer  case  in 
order  to  reduce  the  flow  to  a  bounded 
domain . 

B.L.  Rozhdestvensky  of  the  Keldysh 
Institute  of  Applied  Mathematics  of  the 
Academy  of  Sciences,  Moscow,  used  this 
method  for  an  initial  Poiseuille  flow 
well  beyond  the  transition  regime.  He 
found  three-dimensional  "secondary 
flows"  whose  mean  properties,  such  as 
the  coefficient  of  friction  at  a  wall, 
compared  well  with  experimental  data  for 
fully  developed  turbulent  flows  at  the 
same  Reynolds  numbers.  He  is  careful, 
however,  to  distinguish  his  computed 
flows  from  turbulent  flows.  As  best  I 
can  judge,  the  distinction  is  simply 
that  a  "secondary  flow"  is  a  computed 
flow  whereas  a  "turbulent  flow"  is  a 
measured  flow.  Rozhdestvensky  defines 
"secondary  flews"  as  those  with  station¬ 
ary  integral  characteristics,  ignoring 
the  fact  that  all  measurements  of  flows 
involve  some  integration!  In  a  separate 
discussion  with  me,  he  stated  that  one 
must  be  careful  to  carry  out  such  calcu¬ 
lations  for  a  sufficiently  long  time; 
otherwise,  initial  data  that  are  too 
close  to  an  unstable  state  may  briefly 
provoke  what  would  appear  to  be  a 
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turbulent  flow  only  to  die  out  later  in 
the  calculation. 

Chaos 

Chaos  in  a  dynamical  system  may  be 
roughly  described  as  a  high  degree  of 
complexity  which  develops  in  a  determin¬ 
istic  way  from  specific  initial  condi¬ 
tions  but  which  changes  its  appearance 
drastically  under  slight  changes  in  the 
initial  data.  One  approach  to  chaos  is 
via  successive  period  doublings.  We  have 
seen  that  such  doubling  occurs  at  least 
once  in  the  Kachanov/Saric  form  of  tran¬ 
sition.  It  is  therefore  not  surprising 
that  a  number  of  papers  at  this  sympo¬ 
sium  dealt  with  chaotic  descriptions  of 
transition  to  turbulence.  Most  of  the 
papers  dealt  with  forms  of  transition 
other  than  those  occurring  in  laminar 
boundary  layers.  (For  French  work  on 
chaos,  see  ESN  39-1:21-23  [1985].) 

K.  Buehler  and  J.  Zierep  of  Karls¬ 
ruhe  University,  West  Germany,  described 
experiments  where  turbulence  is  devel¬ 
oped  in  the  flow  between  two  concentric 
spheres.  For  instance,  when  the  outer 
sphere  is  fixed  but  the  inner  sphere  is 
suddenly  rotated  to  a  high  supercritical 
Reynolds  number,  turbulence  is  "sponta¬ 
neously"  created  next  to  the  equator. 
The  turbulence  front  then  moves  toward 
the  poles  with  a  definite  velocity. 
Yu.N.  Belysev,  S.V.  Makarychev,  A. A. 
Monakhov,  and  S.A.  Scherbakov  at  the 
Moscow  State  University  described  simi¬ 
lar  experiments  involving  sequences  of 
period  doublings  and  a  final  transition 
to  a  nonperiodic  state  resulting  from 
the  development  of  a  strange  attractor 
at  a  particular  Reynolds  number.  E. 
Palm,  A.  Skogvang,  and  M.  Tveitereid  of 
the  University  of  Oslo  gave  an  analysis 
of  transition  to  chaos  for  thermal  con¬ 
vection  at  low  Prandtl  number. 

It  is  a  major  step  to  go  from  these 
simpler  flows  to  boundary  layer  transi¬ 
tion.  M. A.  Golshtik,  A.M,  Lifshitz,  and 
V.N.  Shtern  of  the  Institute  of  Thermo¬ 
physics,  Novosibirsk,  make  significant 
progress  along  this  way  in  their  analy¬ 
sis  of  threshold  regimes  for  plane 
Poiseuille  flow.  Their  work  involves 
Craik  triads  and  appears  similar  to  that 
of  Kleiser  and  Laurien.  For  subcritical 
bifurcation,  they  find  a  limiting  value 
of  678  for  the  Reynolds  number  of  tran¬ 
sition  with  increasing  level  of  excita¬ 
tion.  This  figure  is  close  to  that  found 
experimentally. 

The  theory  of  the  approach  to  chaos 
certainly  will  be  applicable  to  the 
problem  of  laminar  boundary  layer  tran¬ 
sition,  but  somehow  it  must  cope  with 
two  developments  which  presently  seem 
foreign  to  its  basic  philosophy.  One 
is  the  receptivity  issue.  If  receptivity 


is  significant,  and  other  evidence  dis¬ 
cussed  her  says  that  it  is,  then  insen¬ 
sitivity  to  spatial  initial  data  cannot 
hold.  The  other  issue  is  that  of  turbu¬ 
lence  regeneration  through  the  mechanism 
of  sublayer  bursting — a  well-established 
experimental  fact.  On  the  face  of  it, 
such  organized  behavior  in  the  fully 
turbulent  boundary  layer  seems  outside 
the  realm  of  current  theories  of  chaos. 

Concluding  Remarks 

In  order  to  present  a  fairly  cohe¬ 
sive  picture  of  the  central  theme  of  the 
symposium,  many  interesting  papers  have 
been  omitted.  These  include  reports  on 
the  development  of  turbulent  spots,  on 
the  effect  of  cooling  upon  supersonic 
boundary  layer  transition,  and  on  tran¬ 
sition  on  swept  wings.  Scientists  in 
the  USSR,  particularly  at  Novosibirsk 
and  Moscow,  are  making  impressive  con¬ 
tributions  to  our  understanding  of 
laminar-turbulent  transition.  This  is 
evidenced  by  their  many  papers  in  all 
aspects  of  the  problem — even  when  allow¬ 
ances  are  made  for  the  home  court  advan¬ 
tage  . 
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MANCHESTER,  A  NEW  KIND  OF  UNIVERSITY 
TOWN:  INSTITUTIONS  AND  FACILITIES 

by  Paul  Homan.  Dr.  Roman  is  the  Liaison 
Scientist  for  Physics  in  Europe  and  the 
Middle  East  for  the  Office  of  Naval 
Research's  London  Branch  Office.  He  is 
on  assignment  until  September  1987. 

We  are  accustomed  to  associating 
names  like  Cambridge,  Oxford,  Bologna, 
and  Heidelberg  with  places  where  the 
town's  fame  derives  from  and  its  focal 
activities  are  associated  with  an 
ancient  and  still-flourishing  center  of 
advanced  learning.  Less  well  known  and 
appreciated  is  the  close  linkage  between 
a  town  and  its  university  and  colleges 
when  the  development  is  more  recent. 

In  fact,  "provincial"  English  uni¬ 
versities  are  (somewhat  condescendingly) 
often  called  "redbrick  universities,” 
and  unti 1  recently  it  was  also  customary 
to  (at  least  inwardly)  comment  that, 
alas,  those  red  bricks  are  all  covered 
with  black  soot.  With  the  rapid  changes 
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that  have  taken  place  in  the  UK  during 
the  past  25  years  and  with  the  urgency 
of  programs  for  scientific  and  technical 
renewal,  this  kind  of  attitude  is  be¬ 
coming  old  hat — notwithstanding  the 
economic  problems  of  the  recent  past  and 
the  present.  It  appears  that  new  struc¬ 
tures — new  kinds  of  university  towns  — 
are  emerging;  the  only  very  recent  Amer¬ 
ican  emphasis  on  "university-industry- 
government"  tripartite  development  and 
support  seems  to  have  been  anticipated 
in  England  for  some  years.  A  case  in 
point  is  the  old  northwestern  civic  and 
industrial  center,  Manchester. 

Owen's  College,  founded  in  the 
first  half  of  the  19th  century  was  the 
core  of  the  future  development.  It  soon 
became  the  Victoria  University  of  Man¬ 
chester,  which  indeed  showed  occasional 
excellence  in  some  fields.  For  example, 
to  mention  only  a  haphazard  selection  of 
luminaries  in  physics,  names  such  as 
Rutherford,  Blackett,  and  Rosenfeld  were 
associated  with  the  university  in  the 
first  half  of  our  century.  But  somehow 
the  institution  never  quite  assumed  a 
focal  position. 

Change  came  on  several  fronts.  The 
Manchester  Institute  of  Science  and 
Technology,  originally  a  small  technical 
school,  became  associated  with  the  uni¬ 
versity  about  80  years  ago,  but  few 
people  working  at  either  institution 
were  truly  aware  of  this  link — until  the 
1960s.  Then  two  major  developments  oc¬ 
curred.  First,  governmental  and  private 
funding  led  to  a  rapid  building  program 
for  the  university;  what  originally  con¬ 
sisted  of  a  few  closely  tied,  somewhat 
outdated  two-  and  three-story  buildings 
transformed  itself  into  a  vast  area  of 
modern,  functional,  and  pleasing  tall 
structures.  Their  construction  was  a 
major  stimulus  to  urban  renewal  as  well. 

At  the  same  time,  the  institute  of 
technology  was  joined  to  Manchester  Uni¬ 
versity  with  strong  ties.  It  became 
known  as  the  University  of  Manchester 
Institute  of  Science  and  Technology 
(UMIST) .  While  it  has  its  own  vice  chan¬ 
cellor  and  a  separate  budget,  the  facul¬ 
ty  of  the  University  of  Manchester  and 
UMIST  is  represented  together  in  the 
University  Senate,  and,  for  example,  new 
programs  are  approved  by  the  entire  con¬ 
glomerate.  UMIST  itself  attracted  an 
influx  of  funds  and  is  now  what  for  an 
outsider  may  seem  a  large,  self-contain¬ 
ed,  technically  oriented  university 
occupying  substantial  areas  where, 
earlier,  dismal  buildings  stood. 

Another  source  of  the  transforma¬ 
tion  of  Manchester  into  a  formidable 
center  for  advanced  learning  was  the 
establishment  by  the  government,  in  the 
late  sixties,  of  a  chain  of  polytech¬ 


nics.  These  institutions — although  con¬ 
sidered  in  principle  "teaching  institu¬ 
tions"  giving  bachelor's  degrees  in 
"philosophy”  and  some  specific  engineer¬ 
ing  diplomas — also  conduct  widely  based 
research.  Most  of  them  also  run  post¬ 
graduate  programs  leading  to  master's 
and  PhD  degrees.  (These  programs  must  be 
approved  by  a  university;  external  exam¬ 
iners  are  required,  and  the  degree  is 
formally  granted  by  the  University.) 
Manchester  Polytechnic,  with  its  fine 
facilities,  is  cooperating  well  with  the 
University  of  Manchester  and  UMIST,  and 
adds  a  special  flavor  to  the  atmosphere 
of  scholarly  pursuits  adapted  to  its 
special  role  and  somewhat  limited  re¬ 
sources  . 

The  picture  is  further  enhanced  by 
a  somewhat  unusual,  but  for  us  most 
topical,  feature:  the  powerful  resources 
associated  with  VUMAN  Ltd. ,  a  holding 
company  whose  shares  are  (at  this 
writing)  all  owned  by  the  University  of 
Manchester.  The  company  has  several 
divisions  or  daughter  companies:  Compu¬ 
ters — scientific  word  processing; 
Robotics — chemical  analysis;  "Medival" — 
evaluation  of  pharmaceuticals;  Industri¬ 
al  Systems — software  for  production 
lines;  and  Lasers.  These  divisions  are 
headed  by  scientists.  They  do  both  basic 
research  and  development  (often  in  close 
cooperation  with  the  University  of  Man¬ 
chester  or  UMIST  people)  and  also  fabri¬ 
cation  and  marketing.  All  profits  go  to 
the  University  of  Manchester  system.  The 
idea  of  such  a  symbiosis  between  a  uni¬ 
versity  and  a  semicommercial  outfit, 
although  not  entirely  unique  to  Manches¬ 
ter,  deserves  serious  consideration  by 
American  universities. 

The  picture  of  university  life  in 
Manchester  would  be  incomplete  without 
talking  of  Salford  University.  This 
modern  campus  (practically  adjacent  to 
the  City  of  Manchester)  evolved  from  an 
institute  of  technology  some  20  years 
ago.  After  a  rapid  and  successful  devel¬ 
opment,  it  was  quite  recently  severely 
hit  by  funding  cuts.  The  idea  was  to 
reshape  the  institution  by  expecting  it 
to  set  up  substantial  collaborative  pro¬ 
jects  with  independent  industry  ("sun¬ 
rise  projects”).  The  engineering  depart¬ 
ments  adjusted  quite  well.  Robotics,  in 
the  Aeronautical  and  Mechanical  Engi¬ 
neering  Department,  as  well  as  control 
systems,  information  technology,  thin 
films  and  surfaces  (in  cooperation  with 
the  solid  state  physicists)  in  the  Elec¬ 
trical  Engineering  Department  are  rec¬ 
ognized  areas  of  prominent  research,  and 
some  of  the  work  has  unusual  features 
not  pursued  elsewhere.  Some  other  de¬ 
partments  were  traumatized  and  have  not 
yet  found  new  directions.  For  example. 
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the  Physics  Department  was  reduced  from 
34  to  18  faculty  in  the  period  1981-84 
and  dropped,  among  other  projects, 
interesting  basic  research  in  magneto¬ 
optics.  But  even  though  projects  such  as 
magnetic  separation  in  industrial  set¬ 
tings  predominate,  basic  research  on 
magnetic  structure,  magnetostriction, 
and  behavior  of  amorphous  materials  con¬ 
tinues  and  deserves  watching. 

In  summary,  the  inquiring  visitor 
to  Manchester  will  find  a  vigorous, 
diversified,  cooperating  community  of 
scholars,  teachers,  applied  researchers, 
technologists  and  industry  which  im¬ 
prints  its  character  on  the  town. 

The  next  article  in  this  issue 
deals  with  laser  research  in  Manchester; 
the  article  on  page  105  concerns  elec¬ 
tro-optics.  The  note  on  page  121  focuses 
on  a  new  initiative  in  artificial  intel¬ 
ligence  at  UMIST. 
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MANCHESTER,  A  NEW  KIND  OF  UNIVERSITY 
TOWN:  LASER  RESEARCH 

by  Paul  Ronan. 


Significant  work  in  various  aspects 
of  advanced  laser  research  is  done  in 
the  Physics  Department  of  the  University 
of  Manchester,  at  VUMAN  Lasers  Ltd.,  and 
in  the  Department  of  Pure  and  Applied 
Physics  at  UMIST.  (The  preceding  article 
discusses  the  general  characteristics  of 
these  organizations.) 

University  of  Manchester 

Professor  T.A.  King  leads  a  group 
of  14  researchers;  some  of  their  work  is 
described  below. 

Nonlinear  Optics  and  Coherent  Tran¬ 
sients  .  This  work  receives  substantial 
external  support  from  the  Science  and 
Engineering  Research  Council  of  the  UK, 
VUMAN  Ltd. ,  and  British  Telecom.  It 
focuses  on  the  study  of  coherent  inter¬ 
action  of  laser  radiation  with  atomic 
systems  by  studying  pulse  propagation 
and  amplification,  with  a  view  to  ad¬ 
vanced  laser  techniques.  Probably  the 
most  exciting  results  were  recently 
achieved  in  the  area  of  phase  conjuga¬ 
tion  by  degenerate  four-wave  mixing 
(DFWM) .  King  and  A.C.  Cefalas  (now  back 
at  the  Theoretical  and  Physical  Chemis¬ 
try  Institute,  NHRF,  Athens,  Greece) 
observed  phase  conjugation  at  193  nm  by 
DFWM  in  an  inverted  excimer  ArF  ampli¬ 
fier.  The  scheme  of  the  experiment  is 
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shown  in  Figure  1.  Population  inversion 
was  achieved  either  by  e-beam  excitation 
or  by  incoherent  photon  pumping.  This  is 
an  innovation  in  itself;  in  the  very  few 
previous  studies  of  this  kind,  absorbing 
media  were  used,  which  led  to  loss  of 
output.  Pump  beam  2  in  Figure  1  was  ob¬ 
tained  by  reflecting  back  into  the 
medium  pump  beam  1 .  The  probe  beam  was 
derived  from  the  same  laser  source  as 
the  pump  beams.  The  active  overlap 
length  was  5  cm,  and  the  amplification 
length  of  the  phase  conjugation  wave 
inside  the  cell  was  40  cm.  A  maximum 
reflectivity  of  15  percent  was  achieved, 
much  higher  than  previously  reported.  In 
addition,  a  pulse  compression  by  more 
than  66  percent  was  observed. 

Closely  related  are  previous  stud¬ 
ies  by  King's  group  on  coherent  resonant 
self-focusing,  super-radiance,  and  self- 
induced  transparency.  These  phenomena 
have  important  technical  implications 
for  active  pulse  shaping  in  high-power 
laser  systems.  For  example,  the  group  | 

succeeded  recently  in  demonstrating 
super-radiance  in  photo-dissociatively 
created  systems,  for  both  visible  and 
infrared  transitions.  Apparently,  this 
is  another  first  by  this  group.  Self-  . 

induced  transparency  on  a  Q(2)  degener¬ 
ate  magnetic  dipole  transition  has  also 
been  observed  by  Drs.  King,  Bannister,  1 

and  Gan  Xu  very  recently,  before  other 
researchers  in  the  field.  They  concluded 
that  self-induced  transparency  exists  in 
any  degenerate  two-level  system,  provid¬ 
ed  that  suitable  polarization  of  radia¬ 
tion  is  used.  In  the  last  few  months 
they  have  extended  their  work  to  cover 
pulse  areas  up  to  4u.  They  have  shown 
that  laser  pulses  of  various  areas  are 
reshaped  considerably  by  the  coherent 
field-matter  interaction.  Pulses  have 
been  found  to  narrow  by  two-thirds  for  a 
3 it  pulse.  Finally,  they  have  demonstra¬ 
ted  the  usefulness  of  self-induced  I 

transparency  for  the  measurements  of 
transitional  dipole  moment  and  homogene¬ 
ous  relaxation  time. 


Figure  1. 
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Novel  Metal  Vapor  Gas  Lasers.  One  cesses  inherent  in  the  action  of  the  IPL 

interesting  project  in  this  field,  are: 

brought  to  fruition  a  year  ago,  was  the 
development  of  a  DC-excited,  optically  .  . 

pumped,  visible  wavelength  atomic  mer-  Excitation:  C3F7l+hv  (pump)  *-C3F7I+I*, 

cury  laser.  Pumping  was  done  by  a  Laser  action:  I* - ►I+hv  (laser). 

mercury  arc  lamp  at  two  different  wave¬ 
lengths,  and  molecular  nitrogen  was  used  After  laser  action  occurs,  most  of 

both  to  link  the  pump  stages  and  to  the  molecular  fragments  recombine  to 

drain  the  lower  laser  level  by  inelastic  form  the  parent  compound: 

collisions.  The  laser  was  of  all-silica 

construction,  with  a  3-mm-diameter  tube,  C3F7  +  I+C3F7I - ►C3F7I+C3F7I 

terminating  in  Brewster  windows  and  hav¬ 
ing  an  active  length  of  90  cm.  which  is  a  rapid  reaction  that  avoids 

Exploratory  work  on  other  metal  bottlenecking  in  the  52P3/2  state, 

vapor  lasers  is  now  in  progress.  This  is  Although  many  other  reactions  occur  as 

a  rather  unexplored  area  of  great  impor-  well,  the  overall  lasing  process  can  be 

tance,  partly  because  it  may  lead  to  described  by  the  four-level  scheme  shown 
sophisticated  laser  systems.  pfgUre  2 

Atomic  Iodine  Laser.  Higrh  power  The  group  had  to  overcome  many 

(megawatts)  and  a  high  repetition  rate  technical  problems  to  construct  an  easy- 

are  required  for  coherent  transients  to-operate,  reliable  IPS.  This  work  was 

research  and  terawatt,  short-pulse,  completed  in  cooperation  with  VUMAN  Ltd. 

high-energy  lasers  are  needed  for  laser  The  current  high-repetition-rate  IPL 

fusion  studies  (plasma  diagnostics) .  system  they  developed  permits  easy  gas 

These  requirements  led  King's  group  to  control  with  no  vacuum  system  required, 

develop  a  stable,  easy-to-operate ,  mass-  The  tube  consists  of  a  sealed,  all- 

manufacturable  atomic  iodine  photo-dis-  giass,  thermal  cycle  module  with  no 

sociation  laser  (IPL)  for  both  scientif-  mechanically  moving  parts.  A  charge  of 

ic  and  commercial  applications.  System-  liquid  laser  material  is  held  in  an 

atic  studies  in  this  area  began  in  1970  evaporation  chamber;  the  gas  is  evapo- 

at  the  Max-Planck-Institut  in  Garching,  rated  through  the  excited  region,  recon- 

West  Germany.  The  Manchester  University  densed ,  and  circulated  back  into  the 

group  (J.J.  Baker  and  King)  started  to  reservoir.  The  pressure  is  controlled  by 

contribute  significant  developments  in  the  condenser’s  temperature,  and  the 

1  976  at  the  same  time  that  workers  at  flow  rate  is  determined  simply  by  the 

the  Lebedev  Institute,  Leningrad,  USSR,  power  dissipation  in  the  heater.  The 

published  some  results.  Sandia  National  strongly  quenching  I2  (which  is  produced 

Laboratory  joined  the  field  in  1978.  by  some  0f  the  minor  reactions)  must  not 

Ihe  IPL  is  lasing  between  the  be  recycled.  This  is  achieved  by  trap- 

5  pi /2  - -  5 2 P 3  / 2  atomic  iodine  states  ping  the  x  in  solution  in  the  liquid- 

at  a  wavelength  of  1.315  pm.  The  excited  phase  perfluoro  alkyliodide,  at  tempera- 

states  of  iodine  are  produced  by  a  tures  less  than  -5°C.  The  most  popular 

flashlamp  pump,  via  the  ultraviolet  (UV)  version  of  this  system  has  repetition 

flash  photolysis  of  various  perfluoro-  rates  to  10  Hz  and  provides  stable 

alkyl  iodides,  primarily  C3F7I.  The  pro-  outputs  for  up  to  106  shots.  In  the 
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Figure  2.  Level  system. 
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simplest  configuration  the  pulse  length 
is  3  to  6  us  with  a  pulse  energy  of  1  to 
5  J,  but  by  scaling  up  the  laser  aper¬ 
ture  and  pumping  power,  50  J  and  larger 
energies  can  easily  be  produced.  Fur¬ 
thermore,  using  acousto-optic  or  elec¬ 
tro-optic  active  switching,  standard 
off-the-shelf  models  can  be  Q-switched 
or  mode  locked  and,  for  example,  a  16-mm 
aperture  laser  will  produce  1-  to  20-ns 
pulses  up  to  1  J.  Finally,  by  adding 
buffer  gases  (such  as  argon  at  5  atm) , 
100-  to  150-ps  pulses  can  be  obtained. 
Research  is  now  in  progress  to  apply  a 
new  type  of  pumping  (low-pressure  mer¬ 
cury  lamps)  and  to  introduce  new  laser 
molecules  with  better  recombination 
rates,  lower  dimerization  rates,  and 
broader  photolysis  bands  centered  at 
longer  wavelength.  Among  other  advan¬ 
tages,  these  developments  would  allow 
for  solar-pumped  iodine  lasers. 

Mercury  Halide  Excimers.  Whereas 
HgBr  lasers  (noted  for  their  "blue- 
green"  light  important  for  underwater 
communication)  have  been  described 
before  in  some  detail  and  HgCl  or  Hgl 
laser  action  has  been  observed.  King's 
group  is  the  first  to  achieve  and  study 
sustained  and  stable  lasing  for  all  four 
halogens,  I,  Br,  Cl,  and  F.  The  basic 
mechanism  is  to  use  the  visible  vibra¬ 
tional-rotational  transitions  for  the 

B - »-X  electronic  configurations  of 

the  Hg-  halides.  The  excited  B  state 
HgZ*  (where  Z=I,  Br,  Cl,  F)  is  produced 
by  a  UV  preionized  transverse  discharge 
photc-excitation  followed  by  dissocia¬ 
tion  : 

HgZ  j+hv - *-  HgZ  *  +  Z . 

The  laser  transitions  occur  between  a 
large  number  of  upper  and  lower  vibronic 
levels,  the  former  being  low  levels  in 
the  B-state,  the  latter  very  high  levels 
in  the  X-state.  Figure  3  illustrates 
the  basic  properties  of  the  transitions. 
The  operation  between  the  various  levels 
occurs  both  simultaneously  and  separate¬ 
ly  by  tuning.  In  addition.  King  and  F. 
Kvasnik  observed  an  overlapping  broad¬ 
band  continuum  laser  emission,  which  is 
rather  unexpected  for  gases.  This  comes 
about  by  bound-free  transitions,  due  to 
a  variety  of  mechanisms. 

The  authors  observed  laser  action 
over  a  wide  range  of  operational  condi¬ 
tions.  They  found,  among  other  things, 
that  the  laser  output  spectra  are  inde¬ 
pendent  of  the  operational  conditions, 
and  they  managed  laser  action  at  sur¬ 
prisingly  low  total  gas  pressures.  For 
the  first  time  in  the  literature,  they 
demonstrated  tuning  in  detail.  Tuning 
was  achieved,  of  course,  by  using  the 
rota t iona 1 -vibra t iona 1  structures  and 
employing  in-cavity  filtering  or  Fabry- 
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Figure  3.  Properties  of  transition. 


Perot  interferometry.  They  also  noted 
that  the  addition  of  N2  to  the  buffer 
gas  improves  performance.  The  underlying 
mechanism  is  only  partially  understood. 
Table  1  summarizes  the  principal 
achievements.  Work  on  the  HgF  laser  is 
not  yet  complete. 

King  points  out  that  since  the 
devices  are  volume-scalable,  it  should 
be  possible  to  produce  high  energy  and 
effectively  tunable  lasers  with  very 
long  lifetimes.  Apart  from  the  obvious 
blue-green  applications  of  the  HgBr 
laser,  this  may  be  of  significance  for 
pumping  the  red  end  of  dye  lasers  with  a 
HgF  laser  and  for  doing  very  effective 
photoresist  manipulation  with  the  blur 
Hgl  laser. 

Advanced  Pulse  Forming  Techniques. 
To  use  lasers  efficiently  in  many  prac¬ 
tical  applications,  it  is  necessary  to 
possess  special  methods  for  enhancing 
the  operation  and  shaping  of  the  output. 
The  University  of  Manchester  physics 
group  has  fine  results  in  this  area  as 
well.  For  example,  realizing  that  good 
preionization  results  in  better  imped¬ 
ance  matching  between  the  pulse  forming 
network  and  the  laser  plasma,  King  and 
Cefalas  devised  a  highly  effective 
double  preionized  ArF  excimer  laser, 
using  a  pulse  forming  network  with  an 
LC-inversion  circuit  totally  enclosed 
inside  the  laser  volume.  In  another 
effort  within  the  area  of  subnanosecond 
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DFVLR  Research  Departments 

The  following  paragraphs  briefly 
describe  the  Project  Management  Depart¬ 
ment  and  the  varied  aspects  of  research 
at  the  five  major  research  departments. 

The  Project  Management  Department 
is  responsible  for  all  tasks  associated 
with  DFVLR 's  engagement  as  the  project 
executive  organization  for  government- 
sponsored  programs.  Additionally,  the 
Project  Management  Department  assists 
the  government  upon  request  by  assuming 
project  management  responsibilities  or 
project  support  tasks  as  well  as  provid¬ 
ing  technical  advice  and  services.  The 
Project  Management  Department  acts  on 
behalf  of  the  Federal  Minister  for  Re¬ 
search  and  Technology  (BMFT)  and,  within 
limits  of  appropriations,  awards  con¬ 
tracts,  or  grants,  or  both,  to  industri¬ 
al  firms  and  scientific  establishments. 
Such  research  and  development  work  is 
supervised  by  this  department,  and  tech¬ 
nical  results  are  assessed  and  analyzed 
in  order  to  make  recommendations  to  the 
BMFT  about  continuing  such  scientific 
effort.  The  objectives  of  individual 
projects  under  the  government  research 
program  are  coordinated  to  help  prevent 
duplication  of  work  being  done  by  other 
institutions  handling  related  research 
projects  on  a  European  or  international 
level.  The  extent  of  collaboration, 
depending  on  the  scope  of  interest,  is 
defined  and  may  go  as  far  as  direct  par¬ 
ticipation  in  a  cooperative  project, 
such  as  projects  ongoing  with  the  US 
National  Aeronautics  and  Space  Adminis¬ 
tration  related  to  space  research  and 
exploration.  The  following  are  other 
examples  of  projects  that  the  department 
manages : 

•  Extraterrestrial  research  projects. 

•  Use  of  the  European  space  laboratory, 
Spacelab. 

•  Projects  in  the  fields  of  telecommun¬ 
ications  and  data  processing. 

•  Development  and  manufacture  of  com¬ 
munications  satellites. 

The  Research  Department  for  Flight 
Mechanics/Guidance  and  Control  has  its 
headquarters  in  Braunschweig.  This  de¬ 
partment's  research  activities  are 
directed  primarily  toward  solving  the 
problems  associated  with  vehicle  move¬ 
ment:  dynamics,  guidance,  and  control. 
Both  military  and  civilian  requirements 
for  transporting  payloads  are  modeled 
and  analyzed.  Airplanes,  helicopters, 
missiles,  ships,  trains,  rockets,  and 
space  probes  are  used  as  payload  trans¬ 
port  vehicles,  which  may  be  either 
manually  or  automatically  controlled  and 
guided.  The  researchers  must  solve  prob¬ 
lems  of  system  and  mission  analysis;  of 


optimization,  regulation,  and  simula¬ 
tion;  of  the  man-machine  environmental 
system;  of  location  and  navigation;  and 
of  evaluation  of  the  system  design.  The 
problems  of  propulsion,  structure,  and 
fluid  mechanics  are  not  addressed  in 
this  department,  however.  There  is  a 
close  cooperation  between  the  Research 
Department  for  Flight  Mechanics /Guidan 
and  Control  and  the  Braunschweig  Techni¬ 
cal  University. 

The  Research  Department  for  Fluid 
Mechanics  has  its  headquarters  in  Got¬ 
tingen.  Both  theoretical  and  experi¬ 
mental  fluid  mechanics  research  is  con¬ 
ducted  at  the  Institute  for  Theoretical 
Fluid  Mechanics  and  the  Institute  for 
Experimental  Fluid  Mechanics  in  Gottin¬ 
gen.  The  classical  questions  concerning 
problems  of  fluid  mechanics  relative  to 
optimizing  the  design  of  aircraft  and 
ground  vehicles  are  receiving  continued 
emphasis,  while  fluid-mechanical  prob¬ 
lems  introduced  by  space  technology  have 
contributed  to  a  natural  expansion  in 
this  area  of  research.  Parallel  to  work 
on  the  external  design  of  aircraft  and 
space  components,  research  is  conducted 
regarding  the  internal  design  of  turbo¬ 
machinery  engines  and  their  integration 
into  complete  vehicle  systems;  at  the 
same  time  this  research  attempts  to 
limit  environmental  pollution  as  much 
as  possible.  The  knowledge  acquired 
through  new  theoretical  calculation  pro¬ 
cedures  as  well  as  new  experimental 
measuring  techniques  is  being  applied 
increasingly  to  the  large  field  of 
industrial  process  technology.  The 
Research  Department  for  Fluid  Mechanics 
uses  a  variety  of  research  facilities, 
including  wind  tunnels  and  test  stands 
that  are  operated  throughout  the  year  by 
personnel  from  the  technical  facilities 
and  services  departments. 

The  Research  Department  for  Materi¬ 
als  and  Structures  has  its  headquarters 
in  Stuttgart.  The  researchers  investi¬ 
gate  and  develop  structures  which  guar¬ 
antee  sufficient  safety  for  man  and 
equipment  in  every  operational  environ¬ 
ment  and  situation,  even  under  extreme 
conditions.  The  properties  of  suitable 
materials--such  as  fiber-reinforced 
composites — are  analyzed  and  improved, 
and  optimum  design  principles  are  inves¬ 
tigated.  This  department  also  deals  with 
the  research  of  advanced  materials  for 
future  turbine  systems  to  provide  im¬ 
proved  efficiency  and  reduced  pollution 
while  operating  at  extremely  high  tem¬ 
peratures.  Suitable  design  principles 
are  also  the  object  of  research  on 
superalloys,  fiber-reinforced  metals, 
and  ceramics  for  these  high-strength, 
high-temperature  applications.  Research 
is  also  focused  on  the  interaction 
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shown,  with  each  department  having  three 
to  five  research  institutes  within  its 
purview.  Although  some  of  the  depart¬ 
ments,  such  as  the  Research  Department 
for  Communications  Technology  and  Remote 
Sensing,  have  all  of  their  associated 
research  institutes  in  one  location,  in 
this  case  at  Oberpfaf fenhofen ,  other  re¬ 
search  departments  may  have  their  asso¬ 
ciated  institutes  in  various  locations. 
Additionally,  there  are  technical  facil¬ 
ities  and  services  departments  at  Ober¬ 
pfaf  fenhofen;  the  Project  Management 
Department  is  in  Cologne. 

This  overall  DFVLR  organization  is 
supported  by  a  staff  of  approximately 
3200  personnel,  of  which  over  half  are 
scientists  and  scientific  or  technical 
assistants  working  within  these  five  re¬ 
search  departments,  the  technical  facil¬ 


ities  and  services  departments,  and  the 
Project  Management  Department.  DFVLR 
has  many  modern  and  advanced  test  facil¬ 
ities  available  at  its  various  technical 
installations.  Examples  of  these  facil¬ 
ities  include: 

•  Wind  tunnels  for  subsonic  to  hyper¬ 
sonic  speeds. 

•  Test  stands  for  aircraft  and  rocket 
engines . 

•  Test  beds  and  experimental  aircraft 
as  well  as  ground  and  airborne 
simulators . 

•  Spacecraft  data  receiving  and  command 
stations . 

•  Mobile  launch  facilities  for  sounding 
rockets . 

•  Space  simulation  chambers  of  various 
sizes . 
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'  .  ;  b-idvia,  the  UK,  Poland,  West  Germa- 
:  y  ,  France,  Greece,  Italy,  Austria, 
Switzerland,  Portugal,  and  Spain.  Prior 
t  flit-  ISSH's  joining  FASE,  the  combined 
membership  of  the  25  national  societies 
was  about  6000  (almost  the  same  as  the 
Acoustical  Society  of  America  [ASA]), 
ranging  from  about  50  members  in  several 
countries  to  1000  or  more  in  the  UK, 
France,  and  West  Germany. 

The  major  work  of  FASE  is  to  co¬ 
sponsor  (with  national  societies)  con¬ 
gresses  and  symposia.  Although  FASE 
covers  all  of  the  broad  field  of  acous¬ 
tics,  each  congress  emphasizes  only  two 
or  three  topics  and  each  symposium  only 
a  single  topic.  This  is  in  marked  con¬ 
trast  with  meetings  of  the  ASA,  which 
cover  all  topics  in  the  field.  Con¬ 
gresses  are  held  every  3  years,  while 
symposia  are  held  on  most  of  the  other 
years.  It  should  be  noted  that  a  large 
number  of  other  acoustical  meetings  are 
held  in  Europe  (usually  organized  by  one 
or  two  countries)  which  do  not  involve 
FASE  sponsorship.  FASE  does  not  publish 
an  acoustical  journal,  but  it  does  have 
an  excellent  policy  of  publishing  the 
proceedings  of  congresses  and  symposia. 
Normally  these  proceedings  are  available 
at  the  times  of  the  meetings.  FASE  is 
governed  by  a  council  composed  of  one 
representative  from  each  country.  Offi¬ 
cers  (president,  vice-president,  and 
secretary)  serve  3-year  terms  which  run 
from  one  congress  to  the  next.  Professor 
Brian  L.  Clarkson  (University  College  of 
Swansea,  Wales)  is  the  recent  past  pres¬ 
ident,  and  Andres  Lara-Saenz  (Spain)  is 
the  newly  elected  president.  Professor 
Felix  Kohmer  (Czechoslovakia)  has  been 
secretary  since  the  founding  of  FASE, 
and  he  will  continue  to  serve  for 
another  term.  FASE,  in  addition  to  spon¬ 
soring  technical  meetings,  has  several 
ongoing  projects,  each  of  which  is  han¬ 
dled  by  a  working  group.  For  example, 
they  have  compiled  a  listing  of  educa¬ 
tional  programs  in  acoustics  in  European 
universities.  Currently  they  are  work¬ 
ing  on  assembling  summaries  and  listings 
of  research  and  development  activities 
in  member  countries.  Also  they  are  work¬ 
ing  on  compiling  information  on  teaching 
aids  for  acoustics  (e.g.,  films,  demon¬ 
strations,  and  experiments).  On  this 
last  project,  EASE  is  very  keen  to  work 
with  the  ASA  committee  on  Education  in 
Acoustics.  FASE  and  the  ASA  have  an 
official  agreement  by  which  each  group 
is  invited  to  have  a  representative 
attend  the  council  meetings  of  the  other 
group.  This  plar;  has  been  in  operation 
for  several  years  and  seems  to  work  well 
and  to  be  useful  to  both  organizations. 
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WEST  GERMANY'S  DFVLR  HANDLES  WIDE  RANGE 
OF  AEROSPACE  RESEARCH 

by  CDR  L.  Laddie  Coburn ,  USN,  and  C.J. 
Holland.  CDR  Coburn  is  the  Director  of 
the  Naval  Applications  Division  and  the 
Aerospace  Systems  Officer  for  military 
aircraft  research  and  technology  in 
Europe  and  the  Middle  East  for  the 
Office  of  Naval  Research's  London  Branch 
Off ice .  Dr .  Holland  is  the  Liaison 
Scientist  for  Applied  Mathematics /Compu¬ 
tational  Science  in  Europe  and  the  Mid¬ 
dle  East  for  that  offices  he  is  on  reas¬ 
signment  until  December  198S  from  the 
Office  of  Naval  Research,  Arlington , 
Virginia ,  where  he  is  the  Deputy  Divi¬ 
sion  Director  of  the  Mathematical 
Sciences  Division . 

Deutsche  Forschungs-und  Versuchsan- 
stalt  fiir  Luft-und  Raumfahrt  (DFVLR)  is 
the  largest  research  establishment  for 
aircraft  and  aerospace  research  and 
engineering  sciences  in  West  Germany. 
This  article  first  generally  discusses 
DFVLR' s  organization  and  policy,  and  the 
research  at  the  various  DFVLR  research 
institutes;  then  the  article  looks  in 
detail  at  the  Institute  for  Flight  Sys¬ 
tems  Dynamics  at  Oberpf af fenhofen ,  near 
Munich. 

Overall  Organization 

DFVLR  has  20  separate  research 
institutes  located  in  Braunschweig, 
Gottingen,  Cologne-Porz ,  Stuttgart,  arid 
Oberpfaf fenhofen.  Each  of  these  insti¬ 
tutes  is  primarily  financed  through  gov¬ 
ernment  funding.  The  government  objec¬ 
tives  for  DFVLR  are  to  provide  research, 
mainly  in  the  aerospace  field;  to  par¬ 
ticipate  in  the  planning  and  realization 
of  research  projects;  to  construct  and 
operate  large-scale  testing  facilities 
to  support  such  research;  to  promote 
training  of  junior  scientists;  and  to 
provide  assistance  and  technical  advice 
to  federal  government  authorities.  The 
technical  knowledge  acquired  and  the 
technologies  developed  in  the  aerospace 
research  areas  are,  to  a  significant 
extent,  also  applied  in  other  technical 
engineering  or  scientific  areas  of  gov¬ 
ernmental  interest,  such  as  development 
of  advanced  transportation  and  communi¬ 
cations  systems,  non-nuclear  energetics, 
and  improvement  of  living  conditions. 

The  overall  organization  is  govern¬ 
ed  by  a  supervisory  board  and  an  execu¬ 
tive  board  with  various  committees  and 
staffs  to  support  management  of  the 
DFVLR  research  and  operations.  The 
executive  board  is  also  supported  by  a 
scientific  and  technical  advisory  board, 
as  shown  in  Figure  1 . 

The  DFVLR  organization  is  divided 
into  five  major  research  departments,  as 
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other  kind  in  England?)  present  a  worse 
noise  problem  than  do  oil  and  gas  opera¬ 
tions. 

Paolo  Cielo  (National  Research 
Council,  Quebec,  Canada)  described  the 
use  of  ultrasonic  convergent  waves  for 
nondestructive  evaluation  of  solids.  A 
pulsed  laser  beam  and  a  special  lens  are 
used  to  form  an  annulus  of  incident 
light  on  the  surface  of  a  material  to  be 
inspected.  The  light  pulse  generates  a 
thermoelastic  pulse  which  propagates  as 
both  bulk  and  surface  waves.  Surface 
waves  propagating  toward  the  center  of 
the  annulus  become  more  intense  toward 
the  center  point  of  focus.  Vibration  of 
the  surface  modulates  the  beam  of  a 
second  laser,  which  is  focused  at  the 
center  of  the  annulus.  This  modulated, 
reflected,  laser  beam  is  detected.  The 
characteristic  which  is  monitored  is 
acoustic  surface  wave  velocity.  Anoma¬ 
lies  near  the  surface  distort  the  sur¬ 
face  wave.  The  system  is  used  to  test 
for  cracks,  flaws  in  bonding  of  surface 
coatings,  and  other  surface  layer  de¬ 
fects.  The  diameter  of  the  annulus  typi¬ 
cally  is  1  to  2  cm,  but  can  be  varied 
from  10  cm  to  1  mm  to  suit  the  applica¬ 
tion.  Pulse  lengths  are  typically  10  ns. 

W.  Van  der  Linden  (Ministry  of 
Housing,  Physical  Planning,  and  Environ¬ 
mental  Protection,  The  Netherlands)  gave 
an  excellent  invited  paper  on  his  gov¬ 
ernment's  long-term  program  for  noise 
reduction  in  the  residences  and  other 
buildings.  The  Netherlands  has  a  high 
population  density,  and  all  real  estate 
must  be  used.  Over  390,000  houses  are 
exposed  to  high  noise  levels  along  roads 
and  near  industry  (65  to  80  dBA)  and 
along  airfields  (80  to  100  dBA)  ,  with 
about  three  times  as  many  above  50  dBA. 
Since  1974  the  government  has  had  a  pro¬ 
gram,  in  5-year  increments,  to  provide 
better  insulation  in  houses  to  reduce 
the  noise  level  and  at  the  same  time 
provide  energy  conservation  and  good 
ventilation.  Techniques  include  double 
glazing,  silent  ventilation  boxes  around 
windows,  and  other  proven  techniques. 
The  important  point  is  that  government 
regulations  require  that  suitable  con¬ 
struction  methods  be  followed.  Govern¬ 
ment  subsidies  help  make  the  added  costs 
more  acceptable.  The  program  is  expect¬ 
ed  to  run  25  or  30  years  and  covers  both 
new  construction  and  modification  of 
existing  structures.  Approximately 
15,000  dwellings  each  year  are  included 
in  the  program. 

The  final  plenary  paper  of  the  con¬ 
gress,  given  by  Ted  Schultz  (Theodore  J. 
Schultz  Associates,  US)  proved  to  be  a 
bonus:  he  published  in  the  proceedings 
an  excellent  survey  paper  on  special 
problems  in  community-noise  rating,  but 


presented  at  the  meeting  an  entirely 
different  paper  on  prediction  of  sound- 
pressure  levels  in  offices,  residential 
rooms,  and  similar  small-volume  enclo¬ 
sures.  He  discussed  the  relation  between 
source  power  level  and  sound-pressure 
levels.  The  diffuse  field  theory  does 
not  seem  to  hold  in  practice  for  these 
sizes  of  rooms.  He  summarized  the  re¬ 
sults  of  an  extensive  series  of  measure¬ 
ments  in  11  different  rooms  using  a 
variety  of  household  appliances  for 
noise  sources.  No  simple  model  seems  to 
hold;  different  sources  and  different 
room  sizes  have  different  effects,  but 
Schultz  gave  empirical  relations.  How¬ 
ever,  he  cautioned  that  these  relations 
might  well  not  hold  for  rooms  signif¬ 
icantly  larger  than  the  ones  he  studied. 

Proceedings 

The  papers  1  have  discussed  are 
only  a  small  sample  of  those  presented, 
but  they  are  representative.  The  pro¬ 
ceedings  of  the  congress  have  been  pub¬ 
lished  in  a  614-page  volume.  The  lengths 
of  the  papers  run  from  4  to  16  pages. 
The  proceedings  give  one  a  good  survey 
of  current  work,  largely  European,  in 
the  areas  covered  by  the  congress.  For 
information  on  obtaining  the  proceed¬ 
ings,  write  to  Jan  Tro  (Editor),  FASE 
84,  ELAB,  N-7034  Trondheim-NTH ,  Norway. 

Future  Conferences 

The  Fifth  FASE  Conference  will  be 
held  in  Lisbon  in  June  1987  and  will  be 
hosted  by  the  Acoustical  Societies  of 
Spain  and  Portugal.  The  proposed  topics 
are:  (1)  oceanographic  acoustics,  (2) 
acoustics  in  biomedical  applications, 
and  (3)  harmonization  of  hearing  preser¬ 
vation  regulations.  There  will  be  a 
satellite  symposium  on  ocean  bottom 
acoustics.  The  Fifth  FACE  Symposium  will 
be  held  at  the  University  of  Thessaloni¬ 
ki,  Greece,  during  the  last  week  of 
August  1985,  with  the  Hellenic  Acoustic¬ 
al  Society  as  host.  The  proposed  topic 
is  architectural  acoustics  in  a  broad 
sense.  The  Sixth  FASE  Symposium  will  be 
held  in  Hungary  during  the  first  or 
second  week  of  September  1986.  This 
will  be  jointly  hosted  by  Hungary, 
Czechoslovakia,  and  Austria.  The  topic 
will  be  subjective  evaluation  of  objec¬ 
tive  acoustical  phenomena. 

Overview  of  FASE 

FASE,  founded  in  1972,  is  an 
umbrella  organization  for  26  acoustical 
groups  from  21  European  countries.  The 
newest  member  is  the  USSR,  which  was 
accepted  at  the  August  1984  meeting  of 
the  executive  council.  The  other  coun¬ 
tries  represented  are:  Czechoslovakia, 
Rumania,  Hungary,  Denmark,  Finland,  The 
Netherlands,  Norway,  Sweden,  Belgium, 
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of  medical  acoustics,  nondestructive 
testing,  and  acoustic  emission.  Most  of 
the  papers  emphasized  experimental  work 
and  survey  data  rather  than  theory  or 
computer  modeling.  Since  the  meeting 
operated  with  three  parallel  sessions,  I 
heard  only  a  part  of  the  presentations 
and  will  comment  on  only  a  very  few. 

Conference  Papers 

Bjorn  Angelsen  (Norwegian  Institute 
of  Technology,  Trondheim)  gave  an  excel¬ 
lent  survey  paper  on  the  instrumentation 
for  ultrasonic  imaging  and  Doppler  meas¬ 
urements  for  medical  applications.  The 
most  advanced  systems  use  phased  arrays 
with  dynamic  focusing,  operating  in  the 
frequency  regime  from  1  to  7.5  MHz,  with 
ranges  up  to  about  8  cm  for  the  lower 
frequencies  and  higher  resolution  but 
less  range  at  the  higher  frequencies. 
Two  megahertz  seems  to  be  optimum  for 
Doppler  measurements.  Pulse  lengths  of 
1.0  us  are  typical  for  imaging.  He 
described  a  time-shared  system  for 
imaging  (22  ms)  and  pulse-Doppler  spec¬ 
trum  measurements  (45  ms)  .  One  major 
limitation  is  designing  equipment  such 
that  the  beam  can  penetrate  between  the 
ribs  in  the  rib  cage  to  reach  the  region 
of  primary  interest.  In  one  arrangement 
the  equipment  operates  in  either  of  two 
modes  (not  simultaneously) s  short  pulse 
for  imaging  and  depth  measurements,  and 
continuous  transmission  for  Doppler 
measurements.  Blood  flow  rates  may  be 
as  high  as  6  m/s,  but  generally  are  much 
lower  and  thus  more  difficult  to  measure 
accurately.  The  author  gave  a  good 
review  of  the  physical  laws  relating  to 
acoustic  parameter  selection  (resolu¬ 
tion,  absorption,  and  scattering). 

Christian  Thaulow  (SINTEF  Division 
of  Materials  and  Processes,  Trondheim, 
Norway)  gave  an  interesting  paper  on  the 
relationships  between  corrosion  fatigue 
cracks  and  acoustic  emission.  The  pri¬ 
mary  application  of  his  research  is  to 
monitor  offshore  structures.  Acoustic 
emission  is  sensed  to  detect,  locate, 
and  classify  cracks  in  the  metal  struc¬ 
tures.  Acoustic  emission  provides  a 
means  for  continuous  monitoring.  The 
equipment  used  by  Thaulow  was  resonant 
in  the  200-kHz  range.  Differences  in 
arrival  times  at  four  microphones  at¬ 
tached  to  the  metal  surfaces  were  used 
to  calculate  the  location  of  the  cracks. 
A  popular  way  to  display  results  is  to 
plot  number  of  events  (acoustic  emis¬ 
sions)  as  a  function  of  time.  A  growing 
crack  has  lots  of  emissions.  He  describ¬ 
ed  a  laboratory  research  program  to  cor¬ 
relate  corrosion  fatigue  cracks  and  the 
resulting  emissions.  He  obtained  a  high 
correlation  between  c rack  size  and 
acoustic  emission  rate.  The  activity 


increased  during  the  rising  part  of  the 
load  cycle.  Excellent  crack  location 
was  achieved  during  periods  with  moder¬ 
ate  and  high  acoustic-emission  activity. 

Ulrich  Kurze  (Muller-BBM  GmbH, 
Munich,  West  Germany)  gave  an  invited 
paper  on  noise  propagation  in  open  and 
built-up  areas.  He  described  German 
experience  in  using  man-made  barriers 
and  trees  to  attenuate  highway  traffic 
noise.  Turbulence  is  an  important 
factor,  but  it  is  difficult  to  know  how 
to  make  measurements  which  are  relevant 
to  the  traffic-noise  problem.  Kurze 
presented  considerable  field  data  for 
moving  noise  sources  in  terms  of  level 
and  horizontal  directivity  and  the  use 
of  such  data  in  formulating  empirical 
design  techniques.  The  aim  is  to  devel¬ 
op  relatively  simple  prediction  methods. 
Much  of  Kurze' s  paper  related  to  compar¬ 
ing  prediction  results  with  on-site 
measurements.  Elevated  metro  noise  is 
an  important  problem  for  which  little 
work  has  been  done. 

K.A.  Abrahamsen  (A.S.  Veritec, 
Hoevik,  Norway)  discussed  noise  problems 
in  the  offshore  oil  industry.  Offshore 
oil  structures,  both  drilling  and  pro¬ 
duction  platforms,  are  unusual  in  that  a 
large  industrial  activity,  including  of¬ 
fices  and  the  hotel  facilities  for  up  to 
600  people,  is  combined  into  a  very  com¬ 
pact  piece  of  real  estate.  Noise  prob¬ 
lems  include:  (1)  hearing  hazards  and 
masking  of  warning  signals  in  the  work¬ 
ing  modules;  (2)  speech  intelligibility 
in  control  rooms,  radio  rooms,  and  of¬ 
fices;  and  (3)  noise  annoyance  in  the 
accommodations.  At  present,  some  of  the 
noise  levels  are  above  those  considered 
safe,  and  government  regulations  are  to 
be  issued  soon.  Drilling  rigs  are 
especially  noisy,  with  brake  and  drum 
noise  being  particularly  bad.  Produc¬ 
tion  rigs  are  also  noisy,  but  conven¬ 
tional  remedies  are  suitable. 

Jan  Bennett  (Acoustic  and  Vibration 
Technology,  Stockport,  England)  discuss¬ 
ed  noise  problems  with  onshore  oil  and 
gas  rigs.  Most  of  us  are  well  aware  of 
the  UK  offshore  operations  in  the  North 
Sea,  but  are  less  aware  of  the  magnitude 
of  the  onshore  activity  in  England.  Much 
of  the  drilling  is  being  done  in  high- 
population  residential  areas.  A  new 
regulation  requires  that  rigs  be  at 
least  300  m  from  any  residence.  Noise 
surveys  are  made  at  potential  sites  and 
on-site  after  the  equipment  is  operat¬ 
ing.  Conventional  techniques  for  noise 
reduction,  such  as  enclosures  for  diesel 
engines  and  pumps,  seem  to  be  adequate. 
Drilling  rigs  are  much  noisier  than  pro¬ 
duction  facilities  for  onshore  opera¬ 
tions.  It  was  stated  that  motorways 
with  high  traffic  density  (are  there  any 


for  other  authors.  The  statistical  pro¬ 
perties  of  lidar  returns  and  correlation 
methods  used  to  measure  boundary  layer 
winds  were  discussed  along  with  results 
from  a  DIAL  and  Raman  lidar.  While  the 
Soviets  appear  to  be  limited  by  elec¬ 
tronics,  their  lidar  research  should  not 
be  overlooked.  The  perspective  of  their 
research  is  different  from  Western 
research;  and,  in  particular,  their 
research  into  the  statistics  of 
lidar  returns  may  uncover  significant 
results. 

Future  Lidar  Systems  and  Applications 

Proposals  discussed  in  the  session 
on  future  lidar  systems  and  applications 
included  remotely  measuring  drought  ef¬ 
fects  to  vegetation,  oil  spills,  and 
atmospheric  pressure.  The  studies  of 
satellite  lidar  systems  were  described. 
A  fascinating  difference  could  be  noted 
between  the  complex  NASA/CNES  DIAL  sys¬ 
tem  proposed  by  Flamant  and  Browell,  and 
the  relatively  simple,  single-wavelength 
lidar  proposed  by  Endemann  (Battelle- 
Institut,  West  Germany) .  A  talk  by 
Ismail  (Systems  and  Applied  Science  Co. , 
US)  indicated  that  the  NASA/CNES  DIAL 
system  flying  in  the  ER-2  airplane  could 
measure  ozone  and  water  vapor  to  an 
accuracy  of  20  percent  and  10  percent 
respectively.  Since  the  lidar  signals 
are  inversely  proportional  to  the  square 
of  the  range,  the  satellite  heights 
severely  limit  the  strength  of  lidar 
signals.  Quenzel's  (Universitat  Miinchen, 
West  Germany)  presentations  used  a  com¬ 
puter  study  to  show  these  limitations 
for  a  lidar  operating  at  0.7  microns  at 
a  height  of  800  km.  The  lidar  will  be 
able  to  observe  clouds;  but  solar  back¬ 
ground  radiation  will  limit  atmospheric 
aerosol  measurements  at  this  wavelength 
during  the  daytime.  Future  lidar  con¬ 
ferences  will  provide  a  chance  to  con¬ 
tinue  these  discussions  on  spaceborne 
lidars . 

Conclusion 

The  conference  speakers  emphasized 
lidar’ s  changing  role  from  an  experi¬ 
mental  to  an  operational  tool.  For 
example,  lidar  has  in  a  few  years  become 
central  to  both  pollution  and  strato¬ 
spheric  research.  In  addition,  lidar 
technology  has  matured  considerably  over 
this  period.  In  an  invited  paper, 
Schotland  (University  of  Arizona,  US) 
discussed  the  history  of  DIAL  develop¬ 
ment.  In  the  early  years  the  speed  of 
electronics  and  the  lack  of  mass  storage 
devices  greatly  limited  the  measurement 
possibilities.  Now,  the  primary  limit 
is  in  the  wavelengths  at  which  lidars 
can  operate.  However,  as  Killinger  (Lin¬ 
coln  Lab,  US)  said,  excellent  progress 


is  being  made  to  extend  the  lidar  wave¬ 
lengths.  During  the  conference,  results 
were  shown  of  lidar  measurements  made 
from  ship,  airplane,  truck,  and  balloon. 
Clearly  the  next  platform  will  be  a 
satellite.  Next  year's  conference  should 
show  the  continuing  progress  toward 
achieving  this  goal. 
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FEDERATION  OF  ACOUSTICAL  SOCIETIES  OF 
EUROPE  HOLDS  4TH  CONGRESS 

by  Chester  McKinney .  Dr.  McKinney ,  for¬ 
merly  at  ONR ,  London,  is  Senior  Research 
Scientist  at  Applied  Research  Laborator¬ 
ies,  The  University  of  Texas  at  Austin. 


The  Fourth  Federation  of  Acoustical 
Societies  of  Europe  (FASE)  Congress  was 
held  at  Sanderfjord,  Norway,  from  21 
through  24  August  1984.  There  were 
about  190  participants  from  26  coun¬ 
tries,  with  35  percent  being  from 
Scandinavian  countries  and  with  some 
representation  from  most  of  the  other 
European  countries  and  a  few  from  other 
continents.  (The  US  had  seven  atten¬ 
dees.)  FASE  has  over  6000  members,  so 
the  attendance  may  seem  low;  this  is 
probably  is  due  to  two  factors.  First, 
travel  money  seems  to  be  rather  scarce 
in  Europe  as  compared  with  the  US. 
Probably  of  more  significance  is  the 
policy  for  each  FASE  congress  to  cover 
only  a  very  few  topics.  In  the  case  of 
this  congress  the  topics  were:  (1)  plan¬ 
ning  with  respect  to  community  noise, 
and  (?)  acoustical  methods  in  condition 
monitoring  and  diagnosis.  There  was 
little  incentive  for  those  who  work  in 
other  areas  to  attend.  This  congress 
was  sponsored  by  FASE  and  the  Norwegian 
Acoustical  Society,  which  has  about  200 
members  and  was  celebrating  its  30th 
anniversary.  The  president  of  the  orga¬ 
nizing  committee  was  Truls  Gjestland, 
and  the  secretary  was  Jan  Tro. 

The  technical  program  consisted  of 
nine  invited  papers,  94  contributed 
papers  (another  15  were  "no-shows”),  and 
17  poster  papers.  Most  of  the  papers 
dealt  with  transportation  and  industrial 
noise  and  noise  control,  and  with  air¬ 
borne  sound.  Only  14  were  in  the  areas 
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radiation  limited  atmospheric  aerosol 
measurements  at  this  wavelength  during 
the  daytime.  These  results  show  the 
limitations  imposed  on  lidars  placed  on 
polar-orbiting  satellites,  which  must 
orbit  at  800  km. 

Stratospheric  and  Mesospheric  Research 

Lidar  has  dramatically  improved  our 
knowledge  of  the  stratospheric  and  meso¬ 
spheric  dynamics  as  well.  McCormick 
(NASA  Langley  Research  Center,  US) 
discussed  the  lidar  measurements  of 
stratospheric  aerosol  from  the  El 
Chichon  volcano.  This  aerosol  cloud  was 
monitored  by  six  lidars  distributed 
throughout  the  northern  hemisphere. 
McCormick  showed  plots  of  the  height  and 
the  peak  backscatter  signal  of  the  cloud 
over  a  17-month  period.  The  data  show 
the  gradual  global  dispersion  of  the 
cloud  from  the  tropics  to  the  upper 
latitudes.  In  addition,  the  height  of 
the  maximum  return  decreased  from  above 
25  km  to  22  km  with  particle  sedimenta¬ 
tion.  These  data,  when  coupled  with 
airborne  measurements,  will  allow  atmos¬ 
pheric  scientists  to  model  the  transport 
of  volcanic  dust  and  estimate  the  radia¬ 
tive  effects  on  the  Earth's  atmosphere. 

Another  example  of  stratospheric 
and  mesospheric  measurements  was  pre¬ 
sented  by  Chanin  (CNRS,  France) .  CNRS 
has  been  using  lidar  to  regularly  meas¬ 
ure  the  Rayleigh  scatter  between  30  and 
100  km.  Temperature  and  density  can  be 
inferred  from  these  lidar  profiles. 
Time-height  cross  sections  of  density 
and  temperature  revealed  the  presence  of 
density  waves.  As  Chanin  pointed  out, 
these  measurements  are  important  long¬ 
term  tools  for  determining  the  effect  on 
the  stratosphere  of  man,  volcanos,  and 
solar  variability. 

Between  80-  and  120-km  altitudes 
there  is  a  thin  layer  of  calcium;  this 
layer  has  been  monitored  by  Observatoire 
de  Haute  Provence  in  France  for  several 
years.  Granier  (CNRS,  France)  showed 
cross  sections  of  the  layer;  these  cross 
sections,  having  600-m  vertical  resolu¬ 
tion  and  6-min  temporal  resolution, 
revealed  the  considerable  variability  of 
the  layer.  Ca  and  Ca+  have  resonance 
lines  in  the  ultraviolet  that  can  be 
monitored  from  ground-based  lidar  to 
determine  the  density  of  the  calcium 
species.  Comparison  of  Ca  and  Ca+ 
should  be  useful  for  understanding  the 
coupling  chemistry  between  these  two 
species . 

Pollution  Research 

A  session  was  devoted  to  the  meas¬ 
urement  of  pollutants.  DIAL  systems  can 
remotely  measure  concentrations  of  mole¬ 
cules  with  appropriate  absorption  bands. 


This  capability  alone  has  made  lidar  a 
major  participant  in  pollution  studies. 
Five  papers  were  presented  on  the  field 
experiment  to  measure  pollution  around 
the  Fos-Berre  area  of  southern  France. 
The  area  has  a  complex  terrain,  includ¬ 
ing  a  lake  and  a  Mediterranean  gulf. 
Three  oil  refineries,  a  steel  mill,  and 
a  power  plant  were  within  the  area 
studied.  Four  DIAL  systems  and  two 
single-wavelength  lidars  took  part  in 
the  field  experiment.  Marzoratti  (Ente 
Nazionale  per  l'Energia  Elettrica 
[ENEL] ,  Italy)  and  Capitini  (Commissari¬ 
at  a  l'Energie  Atomique  [CEA] ,  France) 
presented  detailed  talks  on  the  DIAL 
measurements  of  sulfur  dioxide.  Compar¬ 
isons  of  the  DIAL  systems  showed  an 
excellent  agreement  between  the  differ¬ 
ent  measurements;  for  example,  between 
the  ENEL  and  CEA  systems,  the  density 
difference  was  less  than  40  ug/cm3.  The 
systems  could  routinely  measure  vertical 
cross  sections  of  the  sulfur  dioxide 
plumes,  determining  the  range  altitude 
of  maximum  pollution. 

Hoff  (Atmospheric  Environment  Ser¬ 
vice,  Canada)  showed  results  from  a 
single-wavelength  lidar  mounted  on  a 
truck.  This  lidar  was  pointed  vertical¬ 
ly,  and  cross  sections  were  made  as  the 
truck  drove  along  the  edge  of  the  lake. 
By  combining  the  DIAL  results  and  those 
from  a  sulfur  dioxide  detector  on  the 
truck,  Hoff  was  able  to  infer  the  move¬ 
ment  of  sulfur  dioxide  over  the  complex 
terrain.  In  particular,  he  showed  the 
transport  of  pollution  in  the  morning 
from  the  lake,  where  the  pollution  col¬ 
lected  overnight,  to  the  surrounding 
land.  From  a  meteorological  view,  these 
results  provide  important  information 
about  the  movement  of  pollution  and, 
from  a  technological  view,  these  results 
show  the  usefulness  of  a  simple,  single¬ 
wavelength  lidar. 

Russian  Lidar  Research 

A  discussion  of  the  conference 
would  not  be  complete  without  mentioning 
Soviet  papers.  Zeuv  (Institute  of 
Atmospheric  Optics,  USSR)  presented  an 
invited  talk  on  Soviet  lidar  work.  While 
I  found  his  discussion  of  overall  Rus¬ 
sian  goals  vague,  he  did  provide  a  num¬ 
ber  of  interesting  details  on  Soviet 
lidar  research.  For  example,  he  showed 
the  ionization  trail  of  high-energy 
laser  graphically  suggesting  a  close 
relationship  between  his  lidar  research 
and  research  into  atmospheric  propaga¬ 
tion  of  high-energy  laser  beams.  Appar¬ 
ently  considerable  research  is  done  on 
laser  beam  propagation  through  large 
aerosol  chambers.  Zeuv  and  Mironov 
(Institute  of  Atmospheric  Optics,  USSR) 
presented  their  own  papers  and  a  number 
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THE  1 2TH  INTERNATIONAL  LASER  RADAR 
CONFERENCE 

by  William  P.  Hooper.  Mr.  Hooper  is  a 
researcher  in  the  Atmospheric  Physics 
Branch,  Naval  Research  Laboratory ,  Wash¬ 
ington,  DC. 

The  12th  International  Laser  Radar 
Conference  was  held  in  Aix-en-Provence, 
France,  from  13  through  17  August  1984. 
Over  100  papers  were  presented  on  laser 
remote  sensing  of  the  atmosphere. 

Lidar  (light  detection  and  ranging) 
techniques  for  measuring  scattering  from 
aerosols  (dust  particles) ,  differential 
absorption,  and  Doppler  shifting  were 
discussed.  These  techniques  have  appli¬ 
cation  to  meteorology,  atmospheric  chem¬ 
istry,  oceanography,  and  communications. 
The  subjects  discussed  at  the  conference 
were  too  varied  for  any  comprehensive 
description;  instead,  I  have  selected 
subjects  for  detailed  discussion.  For 
more  information,  see  G.  Megie,  Abstract 
of  Papers,  The  12th  International  Laser 
Radar  Conference  (Aix-en-Provence, 
France,  13-17  August  1984). 

Spaceborne/Airborne  Lidars 

Many  speakers  mentioned  the  need  to 
move  from  the  current  airborne  lidars  to 
spaceborne  lidars.  Grassl  (Institut  fur 
Meereskunde,  West  Germany)  spoke  about 
the  need  for  spaceborne  lidars  in  mete¬ 
orology.  For  example,  the  height  of 
clouds  in  pictures  taken  from  meteoro¬ 
logical  satellites  must  be  estimated 
from  passive  radiometry.  Lidar  can 
directly  measure  these  heights  and,  as 
Grassl  suggested,  dramatically  improve 
estimates  of  cloud-top  height.  In  the 
same  session,  Spinhirne  (National  Aero¬ 
nautics  and  Space  Administration  [NASA] 
Goddard  Laboratory,  US)  experimentally 
confirmed  these  conclusions  when  he 
showed  measurements  of  California  coast¬ 
al  stratus  and  cirrus  made  by  a  lidar 
pointing  down  from  an  ER-2  (an  advanced 
U-2)  airplane.  The  lidar  measured  back- 
scatter  at  0.53  and  1.06  microns,  and 
depolarization  at  0.53  microns.  Simulta¬ 
neous  observations  were  also  made  with 
an  11-micron  passive  radiometer.  The 
cloud-top  heights  measured  by  lidar  were 
distinctly  better  than  those  estimated 
from  radiometer  c  ta.  By  measuring  the 
depolarization  of  the  laser  beam,  Spin¬ 
hirne  could  also  distinguish  between 
clouds  made  of  ice  crystal  and  water 
drops . 

Browell  (NASA  Langley  Research  Cen¬ 
ter,  US),  in  an  unscheduled  talk,  showed 
recent  observations  from  an  airborne 
differential  absorption  lidar  (DIAL) 
system  of  the  troposphere.  DIAL  systems 
operate  at  two  spectrally  close  wave¬ 


lengths:  one  on  a  molecular  absorption 
line  and  the  other  outside  the  absorp¬ 
tion  line.  The  backscatter  signal  from 
the  wavelength  outside  the  absorption 
line  is  used  to  remove  the  atmospheric 
effects  not  caused  by  the  molecular  ab¬ 
sorption;  the  remaining  signal  is, 
therefore,  a  measure  of  the  molecular 
concentration.  The  NASA  DIAL  system  can 
(depending  on  the  wavelengths)  measure 
aerosol,  water  vapor,  and  ozone.  Browell 
presented  three  vertical  cross  sections 
below  different  flight  paths  that  showed 
a  tropical  maritime  boundary  layer 
influenced  by  an  island,  a  rain  forest 
boundary  layer,  and  a  troposphere  where 
ozone  was  being  transported  down  from 
the  stratosphere.  While  Spinhirne  and 
Browell  showed  important  measurements, 
their  results  also  indicate  the  informa¬ 
tion  potential  of  spaceborne  lidars. 

Proposals  for  two  differently  de¬ 
signed  satellite-based  lidars  were  pre¬ 
sented  at  the  conference.  Flamant  (Cen¬ 
tre  National  de  la  Recherche  Scientifi- 
que  [CNRS] ,  France)  and  Browell,  in 
separate  papers,  discussed  the  work 
being  done  jointly  by  NASA  and  France's 
Centre  National  d' Etudes  Spatiales 
(CNES)  to  develop  a  DIAL  system  for  re¬ 
motely  measuring  water  vapor,  ozone, 
aerosols,  and  clouds.  The  system  is  de¬ 
signed  to  operate  from  the  NASA  ER-2 
aircraft.  The  system  would  use  a  YAG 
lasar,  doubling  crystals,  and  a  dye 
laser  to  generate  four  wavelengths. 
Since  the  airplane  has  severe  space 
limitations,  the  system  would  by  com¬ 
pact,  occupying  a  little  more  than  2  m3. 
Ismail  (Systems  and  Applied  Science  Co. , 
US)  ,  in  a  related  paper,  showed  that  a 
DIAL  lidar  operating  from  a  plane  at  a 
16-km  altitude  could  measure  water-vapor 
profiles  to  an  accuracy  of  10  percent 
and  ozone  in  the  stratosphere  with 
20-percent  accuracy.  While  this  system 
will  initially  be  airborne,  Ismail  is 
also  evaluating  spaceborne  limitations, 
and  NASA  and  CNES  are  also  interested  in 
developing  a  similar  satellite-based 
lidar. 

A  simpler  satellite  lidar  was  pro¬ 
posed  by  Endemann  (Battelle-Institut , 
West  Germany)  in  a  study  done  for  the 
European  Space  Agency.  The  proposed 
lidar  would  transmit  in  one  wavelength 
and  only  measure  backscatter  profiles. 
His  conclusion  was  that  such  a  lidar 
could  operate  at  800  km  and  provide  a 
resolution  of  150-m  vertically  and  20-km 
horizontally.  Quenzel  (Universitat  Miin- 
chen,  West  Germany)  presented  computer- 
simulated  lidar  observations  of  clouds 
and  aerosol.  The  modeled  lidar  was  in 
an  orbit  800-km  above  the  Earth's  sur¬ 
face  and  operated  at  0.7  microns.  While 
clouds  could  be  seen,  solar  background 


Washington  and  met  with  the  Administra¬ 
tor  of  the  National  Aeronautics  and 
Space  Administration  (NASA.)  ,  James 
Reggs ,  and  the  Reagan  administration's 
Science  Advisor  and  Director  of  the 
White  House  Office  of  Science  and  Tech¬ 
nology  Policy,  Dr.  George  A.  Keyworth. 
In  addition  to  presenting  these  plans  to 
them,  he  also  proposed  to  NASA  that  an 
Italian  astronaut  he  selected  for  flight 
on  the  space  shuttle  in  1986. 

Italy  and  her  scientists  have  par¬ 
ticipated  in  many  areas  of  space  re¬ 
search.  The  unique  San  Marco  equatorial 
launch  platform  in  Kenya  has  supported 
many  launches  of  the  US  Scout  vehicle. 
Italian  industry  has  been  particularly 
active  in  the  area  of  telecommunica¬ 
tions.  Cooperative  international  pro¬ 
jects  have  been  carried  out  with  the  US 
and  ESA.  The  recognition  of  these  many 
areas  of  activity  and  of  the  anticipated 
future  commercial  returns  from  such  con¬ 
tinued  investments  in  high-technology 
research  and  development  have  led  to  the 
proposal  for  the  new  agency. 

In  response  to  invitations  to  par¬ 
ticipate  in  the  US  space  station,  Italy 
and  West  Germany  proposed  the  COLUMBUS 
space  module  as  an  autonomous  develop¬ 
ment  to  US  efforts.  Indeed,  the  COI.UMBUS 
proposal  was  reviewed  by  the  ESA  Council 
of  Ministers  at  its  January  meeting. 
Italy  already  has  negotiated  an  agree¬ 
ment  with  the  US  to  fly  a  Tethered 
Satellite  System  (see  ESN  39-2:62-64 
[1985])  on  NASA's  space  shuttle  begin¬ 
ning  in  1987. 

The  main  thrust  of  the  Italian 
space  industry  is  in  four  areas:  struc¬ 
tures  (large  ones  erected  in  space) , 
solid  propulsion,  systems  communica¬ 
tions,  and  remote  sensing  with  synthet- 
ic-aperture-radar  data  processing.  There 
is  an  intense  desire  for  independence  in 
these  developmental  areas,  as  evidenced 
by  the  IRIS  solid  propellant  upper  stage 
which,  when  launched  from  the  space 
shuttle  (or  Ariane-3)  ,  will  be  able  to 
inject  payloads  of  up  to  600  to  900  kg 
into  a  geostationary  transfer  orbit  or 
other  required  orbits.  It  will  be  com¬ 
plementary  to  (read  "can  replace")  other 
similar  upper  stages  developed  in  the  US 
but  will  be  entirely  developed  by 
Italian  industry. 

The  ITAI-SAT  satellite  is  a  medium¬ 
sized  telecommunication  satellite  (1250 
kg  at  launch)  operating  in  the  20-  to 
30-GHz  band  to  study  multispot  antenna 
digital  telephonic  service  with  data 
rates  above  64k  bits  per  second  and 
carrying  an  experiment  to  study  the 
phenomena  of  propagation  in  the  40-  to 
50-GHz  band.  Italy  already  has  an  agree¬ 
ment  with  the  People's  Republic  of  China 
(PRC)  for  future  joint  space  research. 


After  moving  the  earl ier-launched  (1977) 
geostationary  satellite  SIRIO  in  longi¬ 
tude  to  place  it  over  the  PRC,  Italy 
began  in  1983  conducting  joint  experi¬ 
ments  studying  the  ionosphere  and  radio 
propagation  under  severe  meteorological 
conditions . 

In  the  scientific  area,  Italian 
scientists  have  participated  importantly 
in  many  of  the  ESA  and  US  satellite  pro¬ 
jects  in  areas  of  x-  and  y-ray  astrono¬ 
my,  radio  astronomy,  space  plasma  phys¬ 
ics,  and  microgravity  investigations. 
An  interesting  commentary  on  the  present 
US  administration's  attempts  to  limit 
the  transfer  of  high  technology  is  borne 
out  by  the  experiences  of  the  CNR  Insti¬ 
tute  for  Cosmic  Physics  and  related 
Technologies  in  Milan.  As  joint  partici¬ 
pants  with  the  French  in  the  USSR 
high-resolution  y-ray  astronomy  mission, 
GAMMA-1,  three  Italian  CNR  laborator- 
ies--including  Milan  and  also  Bologna 
and  Frascati — agreed  to  provide  a  star 
sensor  unit,  including  electronics,  for 
reconstruction  of  attitude  data  to  sub¬ 
arc-minute  accuracy.  Because  of  the  USSR 
payload  involvement,  the  US  forbade  the 
Italians  from  using  an  image  dissector 
produced  by  the  US.  Rather  than  drop 
out  of  the  cc '  laboration ,  the  Italian 
industry  was  able  to  obtain  a  suitable 
unit  from  a  Japanese  firm,  space  qualify 
it  and  deliver  it  to  the  French  for 
incorporation  in  the  experiment.  Thus, 
the  net  effect  of  the  administration 
policy  has  been  to  deny  a  US  producer  a 
market  opportunity  and  to  have  stimula¬ 
ted  a  second  source  to  be  competitive 
with  the  US.  While  this  policy,  no 
doubt,  has  some  merits  for  certain  pro¬ 
ducts,  clearly  in  this  case  it  has  had 
seme  interesting  secondary  i  tactions. 

In  fact,  the  general  attitude 
throughout  Europe  these  days  appears  to 
be  one  of  eagerness  to  undertake  more 
major  space  technological  challenges 
than  previously.  The  typically  conser¬ 
vative  approach  of  the  Europeans  is 
being  partially  abandoned  in  order  to 
stimulate  the  local  industrial  groups 
and  to  make  space  financially  lucrative 
and,  hopefully,  profitable. 

Guerriero  is  particularly  optimis¬ 
tic  that  if  the  scientists  work  closely 
with  the  industrial  teams  to  support 
common  programs,  then  the  space  station 
and  other  projects  would  go  forward.  His 
optimism  is  in  part  due  to  his  own 
experience  in  "big”  physics.  A  5-year 
plan  for  the  period  1982-86  was  prepared 
at  the  end  of  1981  and  has  formed  the 
basis  for  the  formation  of  Italy’s  new 
space  agency. 
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mirror  is  brought  back  to  the  terminal 
equipment,  using  a  return  fiber.  This 
enables  the  measurement  to  be  made 
independent  of  the  instabilities  associ¬ 
ated  with  the  optical  source  and  the 
feed  fiber. 

The  system  has  been  tested  and 
showed  outstanding  performance.  Planned 
work  concerns  development  of  techniques 
for  multiplexing  several  of  the  sensors 
to  a  single  optical  fiber  link. 

The  second  project  addresses  a  spe¬ 
cial  niche  in  the  area  of  optical  fiber 
communication.  Currently,  for  long¬ 
distance  optical  communication,  infrared 
systems  with  a  1.1-  to  1.6-um  wavelength 
are  used.  Short-haul  optical  communica¬ 
tion  (such  as  within  a  factory  or  large 
naval  vessel)  has  not  been  adequately 
addressed  by  using  appropriate  methods 
and  realizations  to  fulfill  special 
needs.  This  is  the  need  Senior  wants  to 
respond  to.  He  uses  0.8-um  radiation  and 
concentrates  on  special  criteria:  low 
noise  and  a  truly  remarkable  dynamic 
range  (23  dB)  receiver.  The  novelty  con¬ 
sists  in  inserting  a  logarithmic  stage 
in  the  amplifier.  By  two-stage  transis¬ 
tor  action  the  signal  is  then  strongly 
compressed.  The  entire  receiver  is 
realized  on  a  hybridized  printed  cir¬ 
cuit,  about  1-square-inch  large. 

Conclusion 

It  appears  that  the  scientists  in 
Manchester  are  engaged  in  a  variety  of 
(somewhat  unconnected)  areas  of  opto¬ 
electronic  and  micro-electronic  research 
which  are  attracting  notable  industrial 
interest. 
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ITALY  PLANS  INDEPENDENT  SPACE  AGENCY 

by  Norman  F.  Neec.  Dr.  Ness  is  the 
Liaison  Scientist  for  Space  Physics  in 
Europe  and  the  Middle  East  for  the 
Office  of  Naval  Research  's  London  Branch 
Office.  He  is  on  reassignment  until 
June  1985  from  Goddard  Space  Flight 
Center,  NASA,  where  he  is  Chief,  Labora¬ 
tory  for  Extraterrestrial  Physics. 

Since  1979,  the  space  activities  of 
the  Italian  scientific  and  technological 
community  have  been  supervised  by  the 
Piano  Spaziale  Nazionale  of  the  Consig- 
lio  Nazionale  delle  Richerche  (PSN/CNR) 
under  the  capable  guidance  of  its  direc¬ 
tor,  Professor  Luciano  Guerriero.  But 
his  position  is  only  part  time,  since  he 
is  professor  of  physics  at  the  Universi¬ 
ty  of  Bari  and  commutes  to  Rome  weekly 
to  manage  his  PSN/CNR  responsibilities. 
In  spite  of  continuing  difficulties  in 
the  national  economy,  the  Italian  gov¬ 
ernment  is  proceeding  with  plans  to  form 
a  cabinet-level  space  agency  to  oversee 
all  national  space  activity  and  to 
represent  Italy  in  its  international 
cooperative  programs.  Italy  has  been  a 
charter  member  state  of  the  European 
Space  Agency  (ESA)  and  contributes  about 
as  much  to  financially  support  ESA  as  it 
does  to  its  national  programs.  It  is 
hoped  that  the  new  space  agency  will  be 
approved  and  the  appropriate  law  passed 
in  early  1985.  As  many  as  200  persons 
would  be  employed  in  the  new  agency. 

Last  fall  the  Minister  of  Scientif¬ 
ic  Research,  Luigi  Granelli,  visited 
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industry  support.  Furthermore,  the 
expensive  circuit  design  and  production 
machinery  was  purchased  from  university 
funds  because  the  group  uses  it  also  for 
pioneering  instruction  of  large  groups 
of  advanced  students. 

Jones  confidently  summarizes  his 
group's  activities  by  saying  that  "we 
can  really  do  things  that  other  people 
keep  saying  ought  to  be  done.  Try  us!" 

UMIST 

Professor  R.W.  Munn  of  the  Depart¬ 
ment  of  Chemistry  is  heading  a  fast¬ 
growing  research  group  in  the  area  of 
molecular  materials  research  and  devel¬ 
opment,  with  an  eye  on  molecular  elec¬ 
tronics  and,  specifically,  opto-elec- 
tronics  applications.  The  ultimate  aim 
is  to  devise  materials  by  molecular 
manipulation  of,  mainly,  organic  sub¬ 
stances  in  a  manner  that  will  make  the 
products  effective  in  integrated  optics 
devices.  The  background  to  this  effort 
is  the  observation  that  the  conversion 
of  light  signals  to  electric  signals 
(for  manipulation)  and  then  converting 
back  is  inefficient  and  that  one  should 
try  to  manipulate  the  optical  phase 
directly.  This  goal  is  hard  to  achieve 
with  conventional  materials,  but  substi¬ 
tutions  on  molecules  appear  to  improve 
or  change  some  crucial  properties  of 
substances.  By  now,  Munn  and  others  have 
developed  molecular  materials  that  have 
very  high  nonlinear  optical  indices, 
comparable  to  doped  LiNb03,  but  with 
better  resilience  and  adaptability.  For 
example,  certain  nonlinear  organic  mate¬ 
rials  are  surprisingly  resistant  to 
laser  damage,  probably  because  the  large 
number  of  internal  degrees  of  freedom 
dissipate  the  impact  easily.  Also,  very 
high  thermal  conductivity  coefficients, 
and  hence  large  thermal  stability,  have 
been  observed  with  these  products. 

One  of  the  developing  fields  of 
concentration  at  UMIST  is  the  study  of 
the  molecular  theory  of  both  linear  and 
nonlinear  dielectric  response  and  struc¬ 
ture  of  organic  electro-optic  and  non¬ 
linear  optical  materials,  probably  of 
polymeric  nature.  This  high-intensity 
effort  is  funded  under  the  SERC/Depart- 
ment  of  Trade  and  Industry  Joint  Opto- 
Electronics  Research  Scheme  (JOERS) , 
involving  collaboration  with  such  di¬ 
verse  organizations  as  British  Telecom, 
Imperial  Chemical  Industries,  General 
Electric  Company  (UK),  Plessey,  Oxford 
University,  Strathclyde  University,  and 
other  establishments.  The  reasons  for 
such  intensive  activity  are  many,  such 
as : 

•  Anisotropic  conducting  polymers 
(three-dimensional  structures)  surely 


have  more  exiting  properties  than 
one-dimensional  systems. 

•  Use  of  polymers,  quite  generally, 
eliminates  problems  of  crystal 
growing . 

•  Properties  of  piezoelectric  polymers 
(and  other  oddly  behaving  polymers) 
have  not  been  studied  so  far. 

•  Molecular  electronics,  in  conjunction 
with  semiconducting  polymers  may  open 
completely  new  avenues  of  interdisci¬ 
plinary  activity. 

•  Polymers  offer  the  possibility  of 
very  large  area  (sheet)  devices  which 
can  not  be  realized  with  crystals. 

Manchester  Polytechnic 

Professor  J.M.  Senior  of  the  De¬ 
partment  of  Electrical  and  Electronic 
Engineering  realizes  the  special  envi¬ 
ronment  for  research  that  is  predeter¬ 
mined  by  the  nature  and  mission  of 
polytechnics  and  endeavors  to  conduct 
research  which  does  not  place  too  many 
demands  on  manpower  and  resources.  Cur¬ 
rently  he  is  conducting  two  independent 
projects . 

The  first  project  concerns  the  con¬ 
struction  of  rugged,  cheap,  reliable 
telemetry  systems  with  fiber  sensors.  It 
is  well  known  that  there  are  two  basic 
types  of  such  sensors:  (1)  intrinsic, 
where  the  fiber  itself  is  used  as  a 
sensing  element  and  interferometry  is 
employed  for  readout;  and  (2)  extrinsic, 
where  the  coupling  between  an  input  and 
output  optical  fiber  is  modified  by  more 
conventional  techniques.  Senior  believes 
that  for  monitoring  hazardous  environ¬ 
ment  regions  and  for  achieving  commer¬ 
cially  attractive  low  prices,  extrinsic 
systems  may  have  a  significant  edge  over 
intrinsic  ones.  As  a  particular  illus¬ 
tration,  he  and  his  students  just  com¬ 
pleted  the  basic  construction  of  a  novel 
extrinsic  optical-fiber  sensor,  suitable 
for  both  pressure  or  temperature  moni¬ 
toring  (Figure  1) .  Incoherent  light 
from  an  inexpensive  light-emitting-diode 
source  is  transmitted  along  a  multimode 
graded  index  rod  lens  coupler  system 
(commercially  available  from  NEC) .  Meas¬ 
urement  of  displacement  (caused  by  the 
rigid  connection  to  the  bourdon  tube  of 
a  commercial  pressure  or  temperature 
gauge)  is  performed  by  linear  movement 
of  a  partially  reflecting  mirror  paral¬ 
lel  to  the  axis  of  the  coupler.  The 
signal  is  reflected  back  down  the  feed 
fiber  and  is  separated  through  a  Y-coup- 
ler  for  detection  with  a  p-i-n  photodi¬ 
ode  at  the  terminal  equipment,  where 
phase-sensitive  detection  is  performed, 
using  as  a  reference  the  modulating 
signal  to  the  optical  source.  Further¬ 
more,  an  optical  reference  signal 
transmitted  through  the  lens  coupler  and 
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theory,  adapted  for  the  case  of  smecto- 
genic  compounds.  In  particular,  the  pre- 
transitional  effects  occurring  in  the 
isotropic  phase  of  the  higher  order 
homologs  in  the  alkyl-cyanobiphenyl 
series  have  been  studied  by  the  optical 
Kerr  effect  and  by  flexo-electricity . 

Further  work  in  the  classical  cho¬ 
lesterol-type  systems  uses  the  unusual 
technique  of  changing  the  surface  topo¬ 
graphy  of  both  the  metal  base  and  of  the 
glass  cover  plate  in  order  to  achieve  a 
change  in  alignment.  Moreover,  by  using 
an  electric  field  to  cause  misalignment, 
the  researchers  have  achieved  interest¬ 
ing  and  very  stable  color  changes.  (The 
device  consists  of  a  metal  electrode 
base  upon  which  a  20-p  liquid  crystal 
layer  is  deposited,  covered  by  a  thin 
glass  plate  and  a  transparent  electrode. 
The  voltage  needed  for  producing  the 
effect  is  about  50  V.)  The  mechanism  of 
the  phenomenon  is  not  clear.  Probably  it 
is  the  unwinding  of  the  helix,  but  bend¬ 
ing  may  be  also  important. 

To  study  such  phenomena,  a  diagnos¬ 
tic  tool  has  been  developed.  This  is 
based  on  normal  reflection  spectroscopy 
with  high-speed  optical  modification. 

Further  plans  with  the  cholesterol 
type  of  liquid  crystals  concern  the  pro¬ 
duction  of  nonlinear  optical  responses 
(frequency  doubling),  which  has  never 
been  done  before. 

A  completely  new  line  of  research 
focuses  around  side-chain  polymer  liquid 
crystals.  The  particular  substances 
studied  so  far  were  cyanobiphenyl-based 
polymers  with  side  chains  (supplied  by  a 
cooperative  program  with  the  University 
of  Hull) .  Apparently,  the  main  potential 
for  side-chain  polymer  liquid  crystals 
is  for  electro-optic  storage  devices. 
Various  external  circumstances  (heating¬ 
cooling)  and  application  of  differently 
varying  electric  fields  have  been  used 
to  produce  definite  color  and  texture 
changes.  It  has  been  established  that 
the  highly  optically  polarizable  cyano- 
biphenyl  side  groups  become  oriented 
perpendicularly  to  the  glass  surface  of 
the  sample  in  the  region  of  the  applied 
field.  Textures  achieved  at  room  tempei — 
ature  in  the  smectic  phase  (20°C  above 
the  glass  transition  temperature)  re¬ 
mained  stored  for  at  least  18  months 
without  deterioration  in  their  optical 
properties.  Although  the  response  times 
of  these  new  polymeric  smectic  materials 
are  longer  than  for  equivalent  monomeric 
materials,  they  have  several  advantages. 
For  example,  no  aligning  agents  are  re¬ 
quired  in  order  to  obtain  a  suitable 
scattering  structure.  Clearly,  no  Polar¬ 
oid  is  needed  as  with  conventional  read/ 
display  devices.  Also,  by  writing  in  the 
biphasic  region  and  thus  cooling  back 


into  the  smectic  phase,  optical  textures 
may  be  readily  stored  which  have  a  very 
high  contrast  between  the  "on"  and  "off" 
states. 

At  any  rate.  Coles  and  his  associ¬ 
ates  believe  that  these  novel  liquid- 
crystal  polymer  systems  will  lead  to  a 
new  generation  of  optical  storage  media. 
Topics  and  applications  to  be  studied  by 
the  Manchester  group  include: 

•  Laser  writing  on  these  materials 
(beam  heats  up  and  erases  previous 
orientation  and  re-orients  in  direc¬ 
tion  of  electric  field) . 

•  Applications  for  optical  computing 
(on  the  micron  scale) . 

•  Q-switching  (by  putting  these  materi¬ 
als  into  the  optical  cavity  of  the 
laser,  which  will  align/counteralign 
like  a  mechanical  switcher) . 

•  Tunable  optical  frequency  doubling 
(by  electric  alignment) . 

Electrical  Engineering  Department. 
Professor  P.L.  Jones  heads  a  group  of 
nine  people  doing  technical  research  in 
integrated  optics  device  development  and 
electron  beam  lithography.  This  unit  has 
now  a  10-year-old  tradition  in  develop¬ 
ing  efficient  techniques  for  growing 
single  crystal  or  other  thin  optical 
films  of  zinc  sulphide  and  zinc  selenide 
on  silicon-gallium-arsenide  substrates. 
(This  work  complements  metallo-organic 
vapor  phase  epitaxy  studies  by  Professor 
of  Chemistry  J.O.  Williams  at  UMIST.) 
Depositing  II  and  VI  materials  on  dif¬ 
ferent  substrates,  they  obtained  pre¬ 
cisely  working  but  high-loss,  slab-type 
visible  light  wave  guides.  Their  current 
new  work,  supported  by  the  SERC,  elimin¬ 
ates  the  losses  by  using  a  GaAs  sub¬ 
strate,  covered  by  a  ZnS  buffer  layer, 
and  followed  by  a  ZnSe  top  layer.  These 
double-layer  devices  are  produced  by 
epitaxial  growth.  They  also  have  now 
low-loss  wave  guides  with  three-layer 
grading.  Since  these  devices  have  been 
combined  into  various  visible-light  wave 
guide  systems  and  other  optical  paths, 
they  may  play  an  important  role  in  opti¬ 
cal  processing  when,  as  expected,  work¬ 
able  II-VI,  visible-light,  solid-state 
lasers  will  become  available. 

Since  fabrication  of  high-quality 
optical  wave  guides  demands  more  precise 
shape  etching  than  can  be  achieved  with 
optical  beams,  Jones’  group  has  a  work¬ 
ing  program  to  develop  advanced  tech¬ 
niques  in  elect’'  ~  beam  and  molecular 
beam  lithography.  Computer  control  of 
the  beam  sources  is  now  being  studied. 
Of  course,  similar  techniques  can  be 
used  for  fabricating  quite  diverse 
optical  logic  circuits.  Consequently,  in 
this  area  the  research  group  has  notable 


output.  VUMAN  Lasers  also  supplies  vari-  medium.  Feedback  is  ensured  by  enclosing 

ous  fiber-optic  delivery  systems  with  the  system  in  a  single  optical  cavity, 

large  aperture  coupling,  particularly  After  completing  a  cycle,  the  beam  may 

suitable  for  the  delivery  of  high-energy  be  returned  to  the  first  stage  either 

laser  pulses  and  continous-wave  (CW)  directly,  or  via  a  second  transit 

powers.  through  the  nonlinear  medium,  or  via  a 

Plans  for  the  future  include  the  complete  reverse  pass  through  the  opti- 
following:  cal  system.  It  should  be  possible  to  use 

a  cavity  in  which  the  expansion  and 

1 .  Advanced  models  of  their  iodine  reduction  sections  are  identical  or  in 

laser  will  be  converted  to  flashlamp-  which  the  amplifying  medium  and  the  non- 

pumped  dye  lasers,  primarily  to  supply  linear  medium  are  one  and  the  same, 

the  630-nm  and  577-nm  lines  used  in  can-  There  is  considerable  freedom  of  choice 

cer  treatment  applications,  thus  re-  of  the  nonlinear  process  as  well.  One 

placing  CW  gas  lasers  used  so  far;  these  example  is  frequency  conversion  by  sti- 

tend  to  be  dangerous  and  expensive.  mulated  Raman  scattering.  This  would 

Futhermore,  it  seems  possible  to  scale  lead  to  conversion  of  the  10.6-um  radia- 

up  these  lasers  to  extremely  high-out-  tion  from  C02  lasers  into  far  infrared 

put,  high-repetition-rate  models.  radiation  when  the  beam  passes  through 

2.  VUMAN  plans  to  develop  a  high  gases  such  as  CH3F.  Higher  order  har- 

power,  frequency-  and  amplitude-stable  monies  generation  is  another  example. 

CW  iodine  laser  with  1.315-um  output. 

They  will  use  their  previously  develop-  Conclusion 

ed,  unique,  close-cycle  recirculation  of  There  is  a  vigorous,  multifaceted, 

the  iodine  gas.  Such  a  laser  will  be  often  innovative  laser  research  effort 

particularly  useful  for  feeding  special  at  Manchester,  and  it  will  be  worth- 

fiber-optics  output  systems,  such  as  while  to  follow  developments  there  in 

those  employed  in  submarine  cable  com-  the  future. 

munication  links.  It  is  known  that 

Soviet  labs  (as  well  as  Bell  Aerospace 

Textron  in  Buffalo,  New  York,  and  the  US 

National  Aeronautics  and  Space  Admini-  12/4/64 

stration  Langley  Research  Center)  are 

much  interested  in  such  development 

work . 

3.  Bannister  believes  that  the  MANCHESTER,  A  NEW  KIND  OF  UNIVERSITY 

advantages  of  huge  (kilowatt)  chemical  TOWN;  ELECTRO-OPTICS  AND  FIBER  APPLICA- 

iodine  lasers  and  of  the  Manchester-  TIONS 

developed  photochemical  lasers  could  be 

combined  by  devising  "chemically  assist-  by  Paul  Roman. 
ed"  iodine  lasers.  These  would  still  use 
organic  I-compounds  as  iodine  donors  to 

start  with,  but  would  inject  excited  02*  Research,  over  quite  a  span  of 

into  the  mixture  to  improve  power.  fields,  is  done  in  the  electro-optics 

4.  Finally,  preliminary  work  is  on  area  at  the  University  of  Manchester's 

the  way  to  develop  sophisticated  fiber-  Physics  Department  and  Electrical  Engi- 
optics  systems  for  UV  applications.  neerinq  Department,  UMIST's  Department 

of  Chemistry,  and  Manchester  Polytech- 
UMjJT  nic's  Department  of  Electrical  and  Elec- 

The  Department  of  Pure  and  Applied  tronic  Engineering. 
nhysien  at  UMIST  headed  by  Professor  J. 

Latham,  as  well  as  Dr.H.M.  Smith,  is  University  of  Manchester 

primarily  interested  in  laser  applica-  Dr.  H.J.  Coles  of  the  Physics  De- 

t.  ions  for  atmospheric  physics.  partment  is  engaged  in  a  new  and  growing 

Professor  P.F.  Browne  has  filed  a  line  of  research  activity  toward  the 

UK  Patent  Application  (No.  8121156,  study  cf  electro-optical  effects  in  dif- 

1781;  published  August  1983)  for  a  laser  ferent  kinds  of  liquid  crystal  materi- 

system  device  to  convert  laser  frequency  als.  Practical  applications  are  also 

in  a  wide  range.  The  special  importance  pursued.  The  work  is  efficiently  sup- 

of  this  research  is  that  it  may  be  pos-  ported  by  the  UK's  Science  and  Engineer- 

sible  to  use  shorter  wave  laser  sources  ing  Research  Council  (SERC) ,  and  VUMAN 

for  the  efficient  generation  of  sub-  Ltd.  (see  page  100)  is  currently  contem- 

millimeter  range  radiation.  The  essence  plating  the  establishment  of  a  liquid 

of  the  idea  is  to  construct  a  system  crystal  division  for  commercial  use  of 

that  enables  beam  expansion  in  an  ampli-  applied  results. 

fying  medium  followed  by  beam  reduction  One  line  of  research  deals  with 

and  then  by  passage  through  a  nonlinear  the  isotropic-nematic  phase  transition 


1  05 


ESN  39-3  (1985 


r ;  ■■ . 
r  - 

f '  ■. 
r.' 

L- 


r* 


r‘-  - 

k“. 


pulse  generation  in  small  wavelength 
excimer  lasers,  Drs.  D.A.  Jaroszynsky 
and  King  constructed,  using  only  readily 
available  materials,  a  surprisingly  sim¬ 
ple  pulse  slicer  for  pulse-cutting  the 
output  of  an  ArF  laser  at  193  nm.  They 
employ  a  KDP  electro-optic  modulator 
driven  by  a  krytron-cable  voltage  pulse 
generator.  The  latter  is  pulsed  up  to 
the  full-wave  voltage  of  a  Pockels  cell. 
With  this  device,  pulses  less  than 
400-ps  duration  and  with  hundreds  of 
microjoule  energies  were  obtained.  With 
faster  switches,  10-  to  30-ps  pulses 
could  be  achieved;  and  if  a  suitable 
amplifier  stage  were  added,  the  pulses 
would  be  able  to  deliver  tens  of  milli- 
joules.  Jaroszynsky  and  King  are  consid¬ 
ering  further  improvements  (Raman  and 
Brillouin  pulse  compression,  active  mode 
locking)  for  the  future,  so  as  to  obtain 
spectacular  performance. 

Applications  of  Inelastic  Laser 
Light  Scattering.  Photon  correlation 
spectroscopy  and  Brillouin  and  Raman 
scattering  are  powerful  methods  for 
studying  molecular  dynamics  and,  more 
generally,  for  unraveling  material  pro¬ 
perties.  Application  of  specially  de¬ 
signed  lasers  and  systems  make  these 
techniques  feasible  and  profitable.  The 
University  of  Manchester  physics  group 
engages  in  a  vast  area  of  such  applica¬ 
tions.  The  group  works  in  cooperation 
with  the  Chemistry  and  the  Medical  Bio¬ 
physics  Department,  the  Rheumatology 
Unit,  Imperial  Chemical  Industries, 
Pilkingstons ,  and  even  foreign  universi¬ 
ties,  and  are  supported  by  the  UK's 
Science  and  Engineering  Research  Coun¬ 
cil,  Pilkingstons,  and  the  Agriculture 
and  Food  Research  Council.  It  would 
lead  outside  the  scope  of  this  review  to 
list  all  research  in  this  area  and  all 
the  studies  pursued,  so  it  suffices  to 
simply  note  current  and  planned  areas  of 
applications:  polymer  and  biopolymer 
dynamics,  study  of  glasses  and  amorphous 
materials,  collagen  fibrillogenesis, 
medical  studies  (blood  flow)  ,  fast 
chemical  reactions,  and  rapid  tempera¬ 
ture  rise  experiments. 

Apart  from  the  major  areas  describ¬ 
ed  above.  King's  group  is  also  involved 


in  ring  laser  development  and  use  of 
these  instruments  for  gyroscopic  pur¬ 
poses.  However,  because  of  technical 
problems,  details  of  this  work  are  not 
available  now.  The  Royal  Air  Force 
(Farnborough) ,  Ferranti,  and  Marconi 
support  this  research  area. 

VUMAN  Lasers  Ltd. 

The  preceding  article  discusses  in 
general  terms  the  relation  of  the  Uni¬ 
versity  of  Manchester  and  the  not-for- 
profit  company  VUMAN  Ltd.  Here  we  spe¬ 
cifically  review  the  work  of  VUMAN 
Lasers  Ltd. 

This  combined  research  and  develop¬ 
ment  laboratory  and  high-technology  man¬ 
ufacturing  workshop  is  presently  located 
in  the  Chemistry  Building  of  the  Univer¬ 
sity  of  Manchester,  but  is  scheduled  to 
move  soon  to  a  new  complex,  the  Science 
Park  area.  Their  manufacturing  activi¬ 
ties  are  done  in-house,  with  off-the- 
shelf  components  bought  commercially. 
Some  production  (like  fiber  optic  sys¬ 
tems)  is  done  by  subcontracting;  the 
planned  microcomputer  control  of  cur¬ 
rently  sole,  lasers  will  need  outside 
contract  arrangements  too. 

The  laboratory  is  led  by  Dr.  J.J. 
Bannister,  a  former  student  and  associ¬ 
ate  of  King.  He  explained  to  me  how  work 
in  the  Physics  Department  on  self- 
induced  transparency  (soliton  waves)  and 
dynamic  resonant  self-focusing  led  to 
the  need  to  develop  large  high-technol¬ 
ogy  photochemical  iodine  lasers,  elec¬ 
tro-optic  pulse  cutting,  and  other  tech¬ 
nological  features  that  could  not  be 
accommodated  in  the  Physics  Department. 
This  need  gave  rise  to  a  separate  devel¬ 
opment  center  and  later,  when  injection 
locking  and  flashlight  pump  systems  were 
constructed,  commercial  possibilities 
became  evident.  This  is  how  VUMAN  Lasers 
came  into  existence.  Current  top  pro¬ 
ducts  are  various  iodine  laser  models, 
(with  complete  control  packs  and  power 
packs)  and  accessories  like  various 
flashlamps,  an  electro-optic  Q-switcher, 
mode-matching  alignment  and  target 
indicator  systems,  and  an  ingenious 
system  for  conversion  into  a  dye  laser 
with  pulsed,  flashlight-pumped  tunable 


Table  1 


Laser  Performance 


Laser 

Emission  Range  (nm) 

Max.  Output  (mJ) 

Max.  Efficiency 

"Color" 

Mg  I 

441-446 

2.9 

0.10 

blue 

Hg  Mr 

496-507 

7.5 

0.32 

blue-green 

Hg  Cl 

535-566 

7.8 

0.22 

red 

Hg  F 

7.  650 

? 

edge  of 

visible 
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between  structures  and  the  ambient  flow 
medium.  Such  activities  consider  both 
the  aeroelastic  behavior  of  aircraft  and 
the  effects  of  the  wind  on  high  build¬ 
ings  and  bridges  as  well  as  hydrodynamic 
conditions  on  ship  propellers.  Increas¬ 
ing  research  emphasis  is  being  given  to 
aircraft  structural  analysis  for  "high 
g"  maneuvering  flight  because  of  recent 
technological  thrusts  in  fighter  air¬ 
craft  aerodynamics  and  automatic  flight 
control  systems  allowing  high-speed 
flight  and  maneuverability  beyond  the 
aircraft  stall  limit.  In  the  area  of 
space  technology,  questions  of  human 
work  procedures  and  experimental  tech¬ 
niques  in  space  with  special  materials 
and  structures  are  considered  in  the 
environment  of  reduced  gravity. 

The  Research  Department  for  Commun¬ 
ications  Technology  and  Remote  Sensing 
has  its  headquarters  in  Oberpfaf fenhof- 
en.  The  department’s  research  efforts 
are  concentrated  on  acquiring  informa¬ 
tion  on  terrestrial  and  atmospheric  con¬ 
ditions,  identifying  moving  objects  with 
electro-optics/infrared  and  microwave 
remote  sensing  methods,  and  developing 
numerical  models  of  meteorological  and 
physical  atmospheric  processes  within 
the  field  of  remote  sensing.  Communica¬ 
tions  technology  research  is  focused  on 
coding  and  transmitting  of  information 
with  high  data  rates  over  extreme  dis¬ 
tances  and  under  undisturbed  conditions, 
on  arrangement  and  processing  of  data 
flows,  and  on  information  display  image 
processing.  The  department  also  empha¬ 
sizes  systems  analysis  and  project  sup¬ 
port  for  special  communications  and 
remote  sensing  systems. 

The  Research  Department  for  Ener¬ 
getics  has  its  headquarters  in  Stutt¬ 
gart.  The  main  research  effort  is 
focused  on  non-nuclear  energy  systems, 
with  specific  activity  in  use  of  solar 
energy,  hydrogen  technology,  combustion 
processes,  high-energy  lasers,  thermion¬ 
ic  energy  conversion,  lubrication  sys¬ 
tems,  missile  propulsion,  chemical 
rocket  propulsion  and  electric  thruster 
devices . 

Research  at  the  Institute  of  Flight  Sys¬ 
tems  Dynamics 

The  Institute  of  Flight  Systems 
Dynamics  at  Oberplaf fenhofen  is  headed 
by  Dr.-Ing.  J.  Ackermann  and  is  one  of 
four  institutes  within  the  Research 
Department  for  Flight  Mechanics/Guidance 
and  Control.  In  general  the  institute 
develops  methods  and  computer  systems 
for  analyzing  and  synthesizing  dynamic 
systems--in  particular,  those  for  guid¬ 
ance  and  'ontrol.  The  main  fields  of 
application  for  such  research  include 
guidance  and  control  of  guided  missiles 


and  aircraft,  and  the  dynamics  of  wheel/ 
rail  vehicles  and  industrial  robotics. 
The  primary  research  activities  are 
grouped  in  four  areas:  guidance,  con¬ 
trol,  multi-body  dynamics,  and  automa¬ 
tion  - 

Dr.  Klaus  Well  heads  the  Guidance 
Section,  which  has  been  working  on  the 
application  of  mathematical  optimization 
techniques  to  realistic  aircraft  and 
missile  flight  trajectories  and  engage¬ 
ment  problems  involving  use  of  maneuver 
and  guidance  laws.  The  trajectory  opti¬ 
mization  efforts  have  concentrated  on 
modeling  and  analyzing  aircraft  flight 
trajectories  in  the  post-stall  region 
and  determining  maneuvers  which  maximize 
engagement  opportunities.  Additionally, 
minimization  techniques  have  been  used 
to  reduce  the  radar  target  cross  section 
of  the  trajectory  of  the  fighter  air¬ 
craft  as  a  defensive  target.  For  analy¬ 
tical  prediction  and  solution  of  the 
one-on-one  fighter  engagement  problem, 
differential  game,  optimal  decision¬ 
making  algorithms  have  been  developed  to 
model  aircraft  interaction  and  engage¬ 
ment.  The  research  has  resulted  in 
dynamic  modeling,  analysis,  and  display 
of  maneuver  trajectories  that  will  maxi¬ 
mize  the  probability  that  fighter  air¬ 
craft  will  successfully  engage  and  kill 
a  target.  Figure  2  shows  a  three-dimen¬ 
sional  time-history  plot  of  a  one-on-one 
aircraft  optimal  trajectory  engagement 
involving  post-stall  maneuverability  (or 
supermaneuverability) . 

Several  maneuvers,  for  aircraft 
both  with  and  without  post-stall  capa¬ 
bility,  have  been  investigated  to  deter¬ 
mine  the  advantages  of  the  post-stall 
capability  for  future  fighter  aircraft. 
The  researchers  analyzed  minimal-time 
maneuvers  for  a  variety  of  flight  path 
constraints  and  boundary  conditions 
using  point-mass  models  of  the  aircraft. 
The  results  show  that  under  some  condi¬ 
tions,  flight  time  can  be  reduced  if 
high  angles  of  attack  are  used  along 
with  a  post-stall  maneuver.  These  capa¬ 
bilities  have  also  been  tested  and  eval¬ 
uated  in  the  Flight  Simulation  Eab  at 
Messerschmitt-Bolkow-Blohm  in  Ottobrunn. 

Well  and  his  colleagues  have  in¬ 
vested  considerable  effort  in  developing 
numerically  stable  and  efficient  algo¬ 
rithms  which  can  solve  these  nonacademic 
optimization  problems  and  display  the 
optimal  maneuvers  in  a  dynamic  fashion 
using  computer  graphics.  Theoretically, 
this  work  depends  on  the  use  Pontrya- 
gin’s  Maximum  Principle  incorporating 
state  constraints.  Well,  along  with 
Professor  R.  Bulirsch  of  the  Technical 
University  of  Munich,  said  that  they 
have  recently  developed  a  new  scheme 
for  solving  the  two-point  boundary-value 
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problems  arising  from  the  Maximum 
Principle.  This  approach  does  not 
require  explicitly  treating  the  equa¬ 
tions  for  the  adjoint  variables.  This 
would  be  very  helpful  for  solving  many 
problems  having  multiple  scenarios  in 
which  the  aircraft  characteristics 
change.  Weil  and  Bulirsch  expect  to 
have  documentation  on  this  new  develop¬ 
ment  soon. 

Well  has  also  been  working  toward 
the  efficient  numerical  solution  of  many 
pursuit-evasion  problems  arising  in  air 
combat.  His  long-range  goal  is  to  devel¬ 
op  software  to  solve  the  modeled  differ¬ 
ential  games  both  off-line  and  in  real 
time.  These  problems  are  complicated  by 
the  fact  that,  in  addition  to  dynamics, 
each  of  the  two  aircraft  has  a  choice  of 
being  aggressive,  neutral,  or  evasive. 
According  to  his  analysis,  this  would 
require  solving  18  pursuit-evasion 
problems . 

The  physical  system  to  be  control¬ 
led  in  many  industrial  and  military 
applications  is  subject  to  rapidly 
changing  dynamics.  For  example,  highly 
maneuverable  aircraft  and  missiles  en¬ 
counter  rapid  changes  in  aerodynamic 
characteristics  because  of  variability 
in  the  effectiveness  of  the  aerodynamic 
surfaces.  Similar  situations  occur  for 
high-speed  submarines  and  torpedoes. 


Designing  a  stable,  fixed-control  system 
over  the  range  of  changing  dynamics  can 
be  extremely  difficult.  The  designer’s 
goal  would  be  an  adaptive  control  de¬ 
sign,  which  implies  a  self-adjusting 
system  that  can  achieve  acceptable  per¬ 
formance  in  the  presence  of  changing 
dynamics.  Dr.  Gerhard  Kreisselmeier  has 
been  working  on  adaptive  control  algo¬ 
rithms  for  the  past  several  years  at 
DFVLR .  Recently  Kreisselmeier  has  con¬ 
structed  a  globally  stable,  indirect, 
adaptive  control  algorithm  for  a  class 
of  deterministic  linear  time-invariant 
plants  (Kreisselmeier,  1985) .  His  pro¬ 
cedure  is  termed  "indirect"  in  that  the 
unknown  parameters  in  the  plant  are 
first  identified,  and  then  the  resulting 
parameter  estimates  are  used  to  adjust 
the  controller  parameters.  By  contrast, 
in  a  direct  approach,  the  controller 
parameters  are  adjusted  directly  without 
first  identifying  the  plant  parameters. 

All  known  globally  stable  adaptive 
control  schemes  require  some  prior  know¬ 
ledge  of  the  plant  parameters.  For  exam¬ 
ple,  in  the  model  reference  adaptive 
control  scheme  which  is  a  direct  ap¬ 
proach,  the  plant  is  restricted  to  be 
minimum  phase.  Kreisselmeier  does  not 
make  that  restriction.  Instead  he 
assumes  that  the  plant  is  of  known 
order,  that  the  unknown  parameters  lie 
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in  a  given  convex  set,  and  that  through¬ 
out  this  set  there  is  no  unstable  pole- 
zero  cancellation. 

He  describes  a  system  as  "stable" 
if  bounded  inputs  produce  bounded  out¬ 
puts.  The  proof  of  his  result  depends 
upon  a  special  nonminimal  representation 
of  the  plant.  In  this  representation 
the  closed  loop  system  is  rewritten  as 
an  exponentially  stable  system  with  the 
identification  error  appearing  as  a 
feedback  term.  This  procedure  estab¬ 
lished  a  link  between  the  identification 
error  and  closed- loop-system  stability. 
Then  global  stability  is  established  in 
a  similar  fashion,  as  in  the  model  ref¬ 
erence,  adaptive  control  approach. 

This  is  an  interesting  theoretical 
result.  Nevertheless,  all  realistic 
systems  are  not  linear  time-invariant, 
and  adaptive  control  schemes  must  be 
robust  with  respect  to  unmodeled  dynam¬ 
ics  and  noise  disturbance.  There  are 
still  many  interesting  and  difficult 
challenges  for  Kreisselmeier  and  others 
to  confront  before  a  totally  satisfacto¬ 
ry  design  methodology  for  adaptive  con¬ 
trol  synthesis  is  developed. 

Reference 

Kreisselmeier,  G.,"An  Approach  to  Stable 
Indirect  Adaptive  Control,"  Automa¬ 
tical,  in  press. 
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News  and  Notes 


ESN  GETS  NEW  NAME,  NEW  LOOK 

With  this  issue  ONR,  London,  intro¬ 
duces  a  new  name  and  new  look  for  ESN. 

The  name  is  now  European  Science 
Notee ,  not  European  Scientific  Notes  —  to 
emphasize  that  we  publish  science  infor¬ 
mation,  news,  and  analysis,  not  scien¬ 
tific  research  papers. 

Our  new  look  includes  an  updated 
cover  design  that  features  a  list  of  the 
fields  treated  in  each  issue.  Times 
Roman  is  the  typeface  now  used  for  the 
cover  and  for  the  heads  in  the  text; 
this  typeface  has  a  clean,  contemporary 
look  and  is  easy  to  read. 


Larry  E.  Shaffer 
1/9/85 


CORRECTION 

There  is  an  error  in  two  of  the 
equations  in  the  article  "West  Germany 
Publishes  EMF  Exposure  Standard,"  ESN 
38-10  (1984) .  On  page  532,  the  equation 
for  the  electric  field  strength  for 
exposures  greater  than  6  minutes  (3  GHz 
to  12  GHz)  should  read: 

E  =  100  (f/3000) ‘/2  V/M 
and  for  the  magnetic  field: 

H  =  0.25  (f/3000) >/2  V/M. 


Thomas  C.  Rozzell 
12/6/84 


URSI  HOLDS  2 1ST  GENERAL  ASSEMBLY 

The  21st  General  Assembly  of  the 
International  Union  of  Radio  Science 
(URSI)  was  held  in  Florence,  Italy,  from 
28  August  through  5  September  1984.  URSI 
is  a  loosely  knit  organization  of  nine 
commissions  dealing  with  subjects  such 
as  electromagnetic  metrology,  signals 
and  systems,  electronic  and  optical 
devices,  remote  sensing,  space  plasma 
physics,  and  radio  astronomy. 

In  the  area  of  space  plasma  phys¬ 
ics,  the  meeting  was  generally  devoted 
to  both  naturally  occurring  and  artifi¬ 
cially  stimulated  phenomena  occurring  in 
the  Earth's  ionosphere  and  magneto¬ 
sphere,  although  some  sessions  dealt 
with  magnetospheres  of  other  planets  in 
the  solar  system. 

Naturally  Occurring  Phenomena 

The  scientific  sessions  devoted  to 
naturally  occurring  phenomena  in  the 
ionosphere  were  divided  into  low  (equa¬ 
torial)  and  high  latitudes.  For  the 
equatorial  case,  D.  Farley  (Cornell 
University,  US)  presented  an  overview  of 
the  progress  in  theories  and  observa¬ 
tions  of  small-scale  density  fluctua¬ 
tions  and  irregularities  in  the  E-region 
equatorial  electrojet.  Reasonable  agree¬ 
ment  between  existing  theories  and  ob¬ 
servations  can  now  be  achieved. 

G.  Haerendel  (Max  Planck  Institute, 
Garching,  West  Germany)  reviewed  theo¬ 
ries  of  equatorial  spread-F,  with  empha¬ 
sis  on  a  first-principles  approach. 
Haerendel  suggested  than  an  outstanding 
problem  in  equatorial  spread-F  is  the 
seeding  mechanism  causing  spread-F 
onset.  At  high  latitudes,  B.  Fejer 
(Cornell  University,  US)  compared  obser¬ 
vations  and  theories  of  small-scale 
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plasma  waves  and  irregularities  in  the 
auroral  E-region  ionosphere.  Fejer  sug¬ 
gested  that  some  of  the  theoretical  pre¬ 
dictions  made  for  equatorial  electrojet 
phenomena  do  not  agree  with  auroral 
electrojet  data. 

M.  Keskinen  (Naval  Research  Labora¬ 
tory,  US)  reviewed  theories  of  both 
small-  and  large-scale  plasma  waves  and 
turbulence  in  the  high-latitude  iono¬ 
sphere.  C.  Rino  (SRI  International,  US) 
discussed  the  role  of  satellite  beacon 
experiments  in  understanding  high-lati- 
tude  ionospheric  structure.  Rino  showed 
first  beacon  results  from  the  Hilat 
satellite.  T.  Jorgensen  (Danish  Meteor¬ 
ological  Institute)  and  V.  Wickwar  (SRI 
International,  US)  gave  an  overview  of 
first  results  from  the  Sondrestrom, 
Greenland,  incoherent  scatter  radar 
(formerly  located  at  Chatanika,  Alaska). 
They  showed  that  data  indicated  in 
the  dayside  high-latitude  ionosphere  the 
greatest  increase  in  the  electron  tem¬ 
perature  and  energy  input  occurred  in  or 
near  convection  reversal. 

Magnetospheric  Plasma  Phenomena 

W.  Kurth  (University  of  Iowa,  US) 
showed  the  striking  similarity  among 
electrostatic  plasma  waves  in  the  mag¬ 
netosphere  of  Earth,  Jupiter,  and 
Saturn.  D.  Gurnett  (University  of  Iowa, 
US)  reviewed  observations  of  electromag¬ 
netic  plasma  waves  and  radiation  from 
the  Earth  and  other  planets  using  vari¬ 
ous  spacecraft  data.  H.  Oya  (Tohoku 
University,  Japan)  surveyed  observations 
and  theories  of  coherent  radiations, 
e.g.,  auroral  kilometric  radiation,  in 
the  Earth's  space  plasma.  Emphasis  was 
placed  on  direct  mechanisms  for  radia¬ 
tion  generation,  e.g.,  cyclotron  maser 
instability,  as  opposed  to  indirect 
mechanisms . 

Computer  Modeling 

Two  sessions  at  the  conference  were 
devoted  to  the  increasingly  popular  com¬ 
puter  modeling  of  space  plasma  phenom¬ 
ena.  R.  Gendrin  (Centre  National 
d' Etudes  des  Telecommunications,  France) 
discussed  computer  simulations  of  ion 
cyclotron  waves  in  multi-species  plasmas 
with  application  to  the  Earth's  magneto¬ 
sphere.  The  dependence  of  the  simula¬ 
tions  in  the  nonlinear  regime  on  initial 
conditions  was  stressed.  T.  Chang  (Mass¬ 
achusetts  Institute  of  Technology,  US) 
presented  computer  modeling  of  ion  ac¬ 
celeration  by  lower  hybrid  waves  in  the 
high-latitude  ionosphere.  S.  Ossakow 
(Naval  Research  Laboratory,  US)  gave  a 
general  survey  of  progress  in  computer 
modeling  of  ionospheric  waves  and  turbu¬ 
lence.  P.  Palmadesso  (Naval  Research 
Laboratory,  US)  discussed  recent  compu¬ 
ter  simulation  of  particle  acceleration 


by  electrostatic  waves  in  the  high-lati¬ 
tude,  near-Earth  space  plasma. 

Experimentation  in  Space  Plasmas 

Finally,  several  sessions  were 
devoted  to  active  experimentation  in 
space  plasmas.  These  active  experiments 
include  ionospheric  heating;  in-aitu 
charged  particle  beam  injections; 
ground-launched,  very-low-frequency  wave 
injections  into  space;  and  chemical  re¬ 
leases  into  the  ionosphere.  Basu  et  al. 
(Emmanuel  College,  US)  presented  simul¬ 
taneous  measurements  of  radio-star  scin¬ 
tillations  and  plasma  line  intensity 
fluctuations  during  ionospheric  heating 
at  the  Arecibo  Observatory.  Experiment¬ 
al  data  were  compared  with  self-focusing 
instability. 

Ganguly  et  al.  (Rice  University, 
US)  showed  the  first  experimental  obser¬ 
vations  of  nonlinear  ionospheric  mixing 
of  two  ground-launched  waves.  P.  Stubbe 
(Max  Planck  Institute,  Katlenburg-Lind- 
au.  West  Germany)  and  J.  Fejer  (Arecibo 
Observatory)  gave  review  talks  dealing 
with  ionospheric  heating  experiments 
conducted  at  Tromso  (Norway)  and  Areci¬ 
bo,  respectively. 

W.  Taylor  et  al.  (TRW  Inc.,  US) 
presented  first  results  from  SEPAC 
(Space  Experiments  with  Particle  Accel¬ 
erators)  ,  which  was  carried  into  space 
aboard  the  US  space  shuttle.  For  cur¬ 
rents  greater  than  approximately  50  mA, 
these  authors,  suggested  that  beam-plasma 
discharge  occurred  with  attendant  ener¬ 
getic  electrons. 

R.  Treumann  et  al.  (Max  Planck 
Institute,  Garching,  West  Germany)  de¬ 
scribed  the  space  time  structure  and 
dynamics  of  quasineutral  ion  beams 
injected  in  aitu  perpendicular  to  the 
geomagnetic  field.  They  showed  that  the 
finite  extent  of  the  beam  to  be  impor¬ 
tant  and  detected  both  high-  and  low- 
frequency  plasma  waves.  S.  Zalesak 
(Naval  Research  Laboratory,  US)  pre¬ 
sented  state-of-the-art  computer  simula¬ 
tions  of  the  dynamics  and  structure  of 
ionospheric  barium  cloud  releases. 


M.J.  Keskinen 
12/17/84 


NEW  ARTIFICIAL  INTELLIGENCE  GROUP  AT 
UMIST 

A  new  artificial  intelligence  (Al) 
group  is  being  formed  within  the  Compu¬ 
ting  Department  of  the  University  of 
Manchester  Institute  of  Science  and 
Technology  (UK) .  It  is  necessary  to 
pinpoint,  at  early  stages  of  their 
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development,  new  and  potentially  signif¬ 
icant  centers  of  AI — not  because  of  the 
rapidly  growing  popularity  of  the  field 
but  because  of  its  complexity  (often 
ignored  by  enthusiasts).  After  all,  if 
real  progress  is  to  be  achieved  in  rea¬ 
sonably  foreseeable  time,  all  hands  will 
be  needed. 

Drs.  P.  Conway  and  P.  Loucopoulos 
said  that  the  immediate  goals  of  the 
group  are  to  establish  a  "developing 
workbench"  approach,  and  to  broaden  the 
scope  and  efficiency  of  currently  known 
techniques  and  approaches,  rather  than 
to  aim  at  an  immediate  thrust  into  some 
new  area.  They  are  cooperating  with 
International  Computers  Limited  and  are 
eager  to  apply  for  Alvey  and  ESPRIT 
monies.  (For  background  on  the  Alvey 
and  ESTRIT  programs,  see  ONR,  London, 
report  R-ll-84  and  ESN  38-5:248-252 
[1984]  .) 

Most  of  their  current  activities 
can  be  described  as  analysis  and  design 
of  information  systems.  They  believe 
that  too  much  guess  work  goes  into  the 
building  of  commonly  used  systems  and 
that  these  systems  often  lack  flexibil¬ 
ity  and  easy  maintainability  because  of 
the  lack  of  front-end  analysis  before 
development . 

One  of  the  topic  areas  presently 
considered  is  the  use  of  knowledge-based 
systems  as  a  mechanism  for  optimization 
of  conceptual  design  in  various  pro¬ 
jects,  ranging  from  civil  engineering  to 
business  management.  Action-oriented 
suggestions  for  future  research  in  opti¬ 
mization  of  design  by  use  of  knowledge 
processors  are  discussed  intensely. 

Another  line  of  study  addresses 
man-machine  interface  problems.  Dr. 
Sutcliffe  works  on  representing  options 
not  by  menus  but  by  graph  patterns.  A 
well-known  psychologist.  Dr.  Kulikowski, 
is  advisor  on  this  project.  In  the  same 
area.  Dr.  Ritchins  is  concerned  with 
pattern  recognition  in  connection  with 
man-machine  interfaces.  Ritchins  sug¬ 
gests  that  to  extract  information  from 
clatter,  a  procedure  of  human  optical 
perception  inference,  based  on  human 
nervous  system  action,  should  be  devel¬ 
oped.  In  these  experiments  he  uses 
encephalographic  and  galvanic  responses 
rather  than  psychological  analysis  and 
theory . 

It  may  be  indicative  of  the  growing 
area  of  the  group’s  interests  that  Pro¬ 
fessor  Sager  from  Manchester  Universi¬ 
ty's  Center  for  Computation  and  Linguis¬ 
tics,  an  expert  in  language  translation, 
will  shortly  join  the  UMIST  group  on  AI . 

For  more  information  about  scien¬ 
tific  research  in  Manchester,  see  the 
series  of  articles  beginning  on  page  99 
of  this  issue.  ESN  36-12:323-325  (1982) 


and  ONR,  London,  report  R-10-84  discuss 
computer  science  at  the  University  of 
Manchester . 


P.  Roman 
12/S/84 


EEC  TO  ESTABLISH  TELECOMMUNICATIONS 
POLICY 

The  member  states  of  the  European 
Economic  Community  have  agreed  to  work 
together  to  strengthen  Europe's  telecom¬ 
munications  market.  According  to  Chris¬ 
topher  Wilkinson — who  is  responsible  for 
the  strategy  of  information  technology 
and  telecommunications  in  the  Task  Force 
for  Information  and  Telecommunications 
Technologies — the  plan  is  to  have  a 
community-wide  communications  policy. 

In  a  recent  interview  with  me, 
Wilkinson  said  that  the  important  ele¬ 
ments  of  this  policy  are:  (1)  to  agree 
on  communication  standards  throughout 
Europe,  (2)  to  initiate  cooperative 
research  and  development  in  telecommuni¬ 
cations  technology,  and  (3)  to  establish 
European  Community-wide  communications 
systems  via  satellite. 

On  October  15  in  Luxembourg  the 
industry  ministers  of  the  Community  gov¬ 
ernments  adopted  two  recommendations 
toward  a  telecommunications  strategy. 
All  10  governments  are  to  ensure  that 
national  telecommunication  administra¬ 
tions  consult  before  introducing  new 
services.  Contacts  now  exist  between 
the  governments  through  the  European 
Conference  of  Post  and  Telecommunica¬ 
tions  Administrations,  which  was  estab¬ 
lished  in  1959.  Under  the  new  recommen¬ 
dation,  new  services  put  into  operation 
from  1985  would  have  to  conform  to 
standards  now  being  laid  down  by  the 
developing  network  of  European  standards 
bodies.  The  Community  has  granted  6 
million  European  Currency  Units  (about 
$4.3  million)  to  these  bodies  for  a 
2-year  program  (1984-85)  to  define  and 
certify  European  norms  in  telecommunica¬ 
tions.  Equipment  other  than  terminals, 
such  as  digital  transmission  and  switch¬ 
ing  systems,  would  have  to  conform  to 
common  standards  from  1986  onward. 

The  second  recommendation  would 
open  bidding  to  all  member  states  for 
procurement  of  conventional  terminals 
(telephone  apparatus)  and  telematic  ter¬ 
minals.  The  recommendation  is  that  at 
least  10  percent  of  the  annual  value  of 
orders  for  switching  and  transmission 
equipment,  and  pieces  of  conventional 
terminal  equipment  for  which  there  are 
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no  common  specifications,  should  be 
opened  for  tender  throughout  the  commun¬ 
ity. 

The  Community,  with  a  trade  surplus 
of  $2  billion  per  year  in  telex  and 
telephone  equipment,  is  trying  to  devel¬ 
op  a  second-  and  third-generation  market 
in  telecommunications  which  can  rival 
that  of  Japan  and  the  US. 

Wilkinson's  Task  Force  for  Informa¬ 
tion  and  Telecommunications  Technologies 
is  responsible  for:  providing  liaison 
with  the  electronics  industries,  includ¬ 
ing  software  and  consumer  electronics; 
managing  the  ESPRIT  research  program  in 
information  technology;  developing  an 
outline  for  new  telecommunications 
policy;  carrying  out  economic  and  indus¬ 
trial  assessments;  and  promoting  techni¬ 
cal  standards. 


J.F.  Blackburn 
12/3/84 


4TH  INTERNATIONAL  WORKSHOP  ON  ACHIEVING 
SAFE,  REAL-TIME  COMPUTER  SYSTEMS 

This  meeting,  titled  SAFECOMP  '85, 
will  take  place  in  Villa  Olmo-Como, 
Italy,  from  1  through  3  October  1985 
under  the  auspices  of  the  International 
Federation  of  Automatic  Control.  Presen¬ 
tation  and  discussion  sessions  will 
focus  on  the  safe  operation  of  computer 
systems,  both  software  and  hardware. 
Topics  include:  system  integrity 
throughout  the  life  cycle;  system-relia¬ 
bility-specification  design  and  assess¬ 
ment;  software  quality  assurance,  fault 
avoidance,  verification,  and  validation; 
human  factors;  standards  and  documenta¬ 
tion;  social  implications  of  computers 
in  hazardous  situations.  The  working 
language  will  be  English.  For  more 
information,  write  to;  ENEA  Dir.  REL/ 
MEDIA,  Attention:  Ms.  Maria  F.  Tani,  125 
V.  le  R.  Margherita,  00198  Roma,  Italy. 


Richard  F.  Snow 
1 1/22/84 


21st  INTERNATIONAL  CONGRESS  OF  APPLIED 
PSYCHOLOGY 

The  Internationa  1  Association  of 
Applied  Psychology  (IAAP)  meets  in  con- 
jress  every  4  years.  The  next  congress, 
:he  21st,  will  be  held  in  Jerusalem, 
Israel,  from  13  through  18  July  1986  at 


the  Jerusalem  Convention  Center  and 
Jerusalem  Hilton  Hotel.  Official  lan¬ 
guages  of  the  congress  are  English  and 
French.  The  main  topics  will  be  organiz¬ 
ed  around  the  themes  of  the  divisions  of 
IAAP:  Industrial  and  Organizational  Psy¬ 
chology;  Psychological  Assessment;  Psy¬ 
chology  and  National  Development;  Envi¬ 
ronmental  Psychology;  Educational,  In¬ 
structional,  and  School  Psychology; 
Clinical  and  Community  Psychology;  and 
Applied  Gerontology.  Other  areas  to  be 
represented  include:  health  psychology, 
law  and  psychology;  social  psychology 
and  group  processes;  stress;  rehabilita¬ 
tion;  sports;  economic  psychology;  mili¬ 
tary  psychology;  and  applied  cognition. 
For  further  information  and  registration 
forms,  contact  the  Secretariat,  21st 
International  Congress  of  Applied  Psy¬ 
chology,  P.O.B.  50006,  Tel  Aviv  61500, 
Israel . 


Richard  E.  Snow 
11/29/84 


NEW  BIOTECHNOLOGY  JOURNAL 

A  major  new  international  review 
journal,  Biotechnology  Advances :  Re¬ 
search  Reviews  and  Patent  Abstracts ,  is 
being  published  by  Pergamon  Press.  To 
subscribe,  write  to:  Pergamon  Press, 
Fairview  Park,  Elmsford,  NY,  10523. 

The  journal  will  address  issues  re¬ 
lated  to  future  demands  for  fuels,  food, 
chemical  feedstocks,  health  care,  and 
environmental  pollution  control.  Bio¬ 
technology  Advances  has  been  conceived 
as  a  means  of  keeping  researchers  ind 
practitioners  in  academic  institutions 
up  to  date  with  this  rapidly  developing 
field.  The  journal  will,  therefore,  be 
devoted  to  all  aspects  of  biotechnology, 
including  applied  biology,  technical 
biochemistry,  genetic  engineering,  bio¬ 
chemical  engineering,  and  environmental 
engineering.  Its  purpose  is  to  provide 
regular,  quick,  but  authoritative  up¬ 
dates  on  the  research  literature.  Each 
annual  volume,  consisting  of  two  issues, 
will  contain  mini-reviews  plus  a  detail¬ 
ed  bibliography  and  the  abstracts  of  all 
relevant  US  patents.  Occasionally,  spe¬ 
cial  supplementary  issues  of  the  journal 
will  be  published  as  proceedings  of  con¬ 
ferences  or  symposia  which  have  address¬ 
ed  state-of-the-art  reviews  of  biotech¬ 
nology  topics. 

The  value  of  this  journal  to  the 
biotechnology  community  will  be  enhanced 
by  the  inclusion  of  the  section  devoted 
to  US  patents. 


ESN  39-3  (1985) 


The  executive  editor  is  M.  Moo- 
Young,  Department  of  Chemical  Engineer¬ 
ing,  University  of  Waterloo,  Waterloo, 
Ontario,  Canada  N2L  3G1.  Editors  are: 
J.D.  Bulock,  Department  of  Chemistry, 
University  of  Manchester  M139PL,  UK; 
C.L.  Cooney,  Department  of  Nutrition  and 
Food  Sciences,  Massachusetts  Institute 
of  Technology,  Cambridge,  MA  02139;  and 
B.R.  Glick,  Department  of  Biology,  Uni¬ 
versity  of  Waterloo,  Waterloo,  Ontario, 
Canada  N2L  3G1 .  The  editorial  advisory 
board  is  international  in  scope.  The 
members  are:  D.E.  Brown,  UK;  A.L. 
Demain,  D.  Gelford,  and  E.L.  Gaden,  US; 
G.  Goma  and  E.J.  DaSilva,  France;  H.G. 
Schlegel,  West  Germany;  and  H.  Taguchi, 
Japan . 

Claire  K.  Zomzeln-Neurath 
12/10/84 


ONRL  COSPONSOFED  CONFERENCES 

ONR,  London,  can  nominate  two  regi¬ 
stration-free  participants  in  the  con¬ 
ferences  it  supports.  Readers  who  are 
interested  in  attending  a  conference 
should  write  to  the  Scientific  Director, 
ONRL,  Box  39,  FPO  New  York  09510. 

Third  International  Conference  of 
Low  Temperature  Biological  Microscopy 
and  Analysis,  Cambridge,  UK,  1-4  April 
1985. 

The  Role  of  DNA  in  Brain  Activity, 
Naples,  Italy,  27-29  May  1985. 

Technological  Application  of 
Bilayers,  Vesicles,  and  Langmuir-Blod- 
gett  Films,  Denerja,  Spain,  25-29 
November  1985. 
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SCIENCE  NEWSBRIEFS  FOR  DECEMBER 

The  following  issues  of  Science  Neusbrief  were  published  by  the  ONR,  London, 
Scientific  Liaison  Division  during  December.  Science  Newebrief  provides  concise  ac¬ 
counts  of  scientific  developments  or  science  policy  in  Europe  and  the  Middle  East. 
Please  request  copies,  by  number,  from  ONR,  London. 

Science  Ueuebrief  Number  Title 


2-17-84 

2-18-84 

2-19-84 

2-20-84 

2-21-84 

2-22-84 


Danish  Institutes  Study  Seas,  Ports,  Ships,  by  James 
W.  Daniel. 

New  Transonic  Wind  Tunnel  To  Support  European  Aero¬ 
space  Research,  by  CDR  L.  Laddie  Coburn,  USN. 

New  Cathode  Material  for  Long-Life  Lithium 
Rechargeable  Cell,  by  David  L.  Venezky. 

UK  To  Host  Conference  on  Probe  Techniques  for 
Studying  Biological  Membranes  and  Other  Liquid 
Crystals,  by  David  L.  Venezky. 

All-Optical  Computer  To  Be  Built  in  Edinburgh,  by 
J.F.  Blackburn. 

Simple  Approach  to  Low-Temperature  Photochemistry  and 
Kinetics,  by  David  L.  Venezky. 


1985) 


DECEMBER  MAS  BULLETINS 

The  following  Military  Applications  Summary  (MAS)  Bulletins  were  published  by 
the  ONR,  London,  Military  Applications  Division  during  December.  The  MAS  Bulletin 
is  an  account  of  naval  developments  in  European  research,  development,  test,  and 
evaluation.  Its  distribution  is  limited  to  offices  with  the  US  Department  of 
Defense.  DoD  organizations  should  request  copies  of  the  Bulletins ,  by  number,  from 
ONR,  London. 

MASB  Number 

85- 84 

86- 84 

87- 84 

88- 84 

89- 84 

90- 84 

91- 84 

92- 84 

93- 84 

94- 84 

95- 84 

96- 84 

ONRL  REPORTS 

To  request  reports,  check  the  boxes  on  the  self-addressed  mailer  and  return 
it  to  ONR,  London. 


Title 

New  Developments  in  European  C3I  Systems  Approach 
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